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The  following  sheets  of  current  copies  of  National  Engineering 
Handbook,  Section  6 should  be  removed  and  replaced  by  the  attached 
revised  sheets: 

page  6.4-3 
ES-160,  sheet  2. 

These  revisions  remove  the  option  of  neglecting  consideration  of 
flexural  bond  stresses  through  the  use  of  a reduced  anchorage  bond 
stress . 
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Where  principal  steel  is  required  in  both  direc- 
tions, the  steel  which  carries  the  larger  moment  shall  be  placed  nearer 
the  concrete  surface. 

Where  principal  steel  is  required  in  neither 
direction,  the  temperature  steel  parallel  to  the  longer  dimension  of 
the  slab  or  wall  will  be  placed  nearer  the  concrete  surface. 

(h)  Splices  should  be  made  at  or  close  to  points  of 
inflection  if  it  is  practical  to  do  so.  The  length  of  a splice  in  ten- 
sion reinforcement  shall  equal  30  diameters  of  the  smaller  bar  being 
spliced  or  the  length  of  bar  required  to  develop  the  full  working 
stress  in  the  smaller  bar  without  exceeding  three-fourths  of  the  allow- 
able bond  stress,  whichever  is  the  greater.  The  length  of  a splice  in 
compression  reinforcement  shall  equal  24  diameters  of  the  smaller  bar 
being  spliced  or  12  inches,  whichever  is  the  greater. 

(i)  General  Anchorage  Requirements. 

The  calculated  tension  or  compression  in  any  bar 
at  any  section  must  be  developed  on  each  side  of  that  section  by  proper 
embedment  length,  end  anchorage,  or  hooks. 

At  least  one -third  the  positive  moment  reinforce- 
ment in  simple  spans  and  one-fourth  the  positive  moment  reinforcement  in 
continuous  spans  shall  extend  along  the  same  face  of  the  span  into  the 
support  at  least  6 inches. 

At  least  one -third  of  the  negative  moment  rein- 
forcement shall  be  extended  beyond  the  extreme  position  of  the  point  of 
inflection  a distance  not  less  than  one -sixteenth  of  the  clear  span,  or 
the  effective  depth  of  the  member,  whichever  is  greater. 

Except  at  supports,  every  reinforcing  bar  shall 
be  extended  beyond  the  point  at  which  it  is  no  longer  needed  to  resist 
flexural  stress,  for  a distance  equal  to  the  effective  depth  of  the 
member  or  12  bar  diameters,  whichever  is  greater. 

(j)  Sufficient  longitudinal  tension  steel  perimeter 
shall  be  provided  at  every  section  so  that  flexural  bond  stresses  do  not 
exceed  allowable  values . 

4,2.3  State  and  other  Local  Codes.  State  and  local  codes 
may  not  be  satisfied  by  the  above  mentioned  code  or  design  criteria. 

The  local  design  engineer  should  be  familiar  with  the  state  and  local 
codes  and  it  should  be  his  responsibility  to  see  that  these  codes  are 
met . 
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4.3  Dasign  Procedures 

4.3 .1  Reference  Materials,  Procedures  for  design  may  be 
found  in  several  manuals  and  textbooks,  among  which  are: 

"Reinforced  Concrete  Design  Handbook"  by  ACI 

"Design  Handbook"  by  Concrete  Reinforcing  Steel 
Institute 

"Reinforced  Concrete  Design"  by  Sutherland  and 
Reese 

"Reinforced  Concrete  Structures"  by  Peabody 

"Reinforced  Concrete  Fundamentals"  by  Ferguson 

"Theory  and  Practice  of  Reinforced  Concrete" 
by  Dunham 

Various  publications  of  the  Portland  Cement 
Association 

Numerous  computation  aids  have  been  developed  to 
simplify  and  speed  up  design  work  by  eliminating  the  need  of  solving 
various  design  formulas.  These  aids  follow,  and  their  use  is  illus- 
trated by  4.3.2. 
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STRUCTURAL  DESIGN:  REINFORCED  CONCRETE  DESIGN 

WORKING  STRESS  DESIGN 
ALLOWABLE  STRESSES 


ALLOWABLE  WORKING  STRESSES  IN 

CONCRETE 

Description 
(Stresses  in  psi) 

Class  of  Concrete 

Any 

5000 

kooo 

3000 

2500 

Compressive  strength 

Modular  ratio,  for  concrete 
weighing  1^5  pcf  * 

f 1 

c 

n 

f 1 

1c 

503.3 

\J  fc 

5000 

7 

4000 

8 

3000 

9 

2500 

10 

Flexure : 

Extreme  fiber  stress  in 

compression 

fc 

0 . kOf£ 

2000 

1600 

1200 

1000 

Extreme  fiber  stress  in 

tension  in  plain  concrete 

ft 

1.6  \/  f£ 

113 

102 

88 

80 

Shear  (computed  as  V/bd  as  a 

measure  of  diagonal  tension): 

** 

Beams  - shear  at  a distance  [d] 

from  the  face  of  the  support : 

1.1  n/A 

Beams  with  no  web  reinforcement 

vc 

78 

70 

60 

55 

Beams  with  properly  designed 

5.0  v/fj 

web  reinforcement 

V 

354 

316 

27^ 

25O 

Slabs  and  Footings  - peripheral 

shear  at  a distance  [d/2]  from 

the  periphery  of  the  area  of 

the  concentrated  load  or  reac- 

tion  with  no  web  reinforcement 

vc 

2.0  vi f<5 

ikl 

126 

110 

100 

Bond  (deformed  bars. 

sizes  = #11 ): 

Tension  top  bars 

u 

3.4-Vf</D  s 350 

All  other  tension  bars 

u 

^ 500 

All  compression  bars 

u 

6.5  n IT*  ^ koo 

(D  = nominal  diameter  of  bar. 

inches ) 

* n is  taken  to  nearest  whole  number 


ALLOWABLE  WORKING  STRESSES  IN  REINFORCEMENT 

Description 

Grade  of  Steel 

(Stresses  in  psi) 

Structural 

Intermediate 

Hard 

In  tension: 

longitudinal  reinforcement 

fs 

18000 

20000 

20000 

web  reinforcement 

18000 

20000 

20000 

In  compression: 

flexural  members 

n 

18000 

20000 

20000 

columns 

13200 

16000 

20000 
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STRUCTURAL  DESIGN:  REINFORCED  CONCRETE  DESIGH- 

WORKING STRESS  DESIGN 
ALLOWABLE  BOND  STRESSES 


Allowable  Bond  Stress,  psi 

Description 

Class 

of 

Concrete 

Bar  Size 

#3 

#4 

#5 

#6 

#7 

#8 

#9 

#10 

#n 

Tension 

Top 

Bars 

5000 

4000 

3000 

2500 

350 

350 

350 

350 

350 

350 

330 

3to 

350 

342 

298 

272 

321 

287 

248 

227 

275 

246 

213 

194 

241 

215 

186 

170 

214 

191 

165 

151 

192 

172 

149 

136 

175 

156 

133 

124 

All 

Other 

Tension 

Bars 

5000 

4000 

3000 

2500 

500 

500 

500 

500 

500 

500 

500 

480 

500 

487 

422 

384 

454 

405 

351 

320 

389 

3to 

301 

274 

340 

304 

263 

240 

302 

270 

234 

213 

272 

243 

211 

192 

247 

221 

192 

174 

All 

Compression 

Bars 

5000 

4000 

3000 

2500 

too 

too 

356 

325 

Flexural  Bond  Stress 

Anchorage  Bond  Stress 

U -_L_ 

fs  D 

■ II?^ 

U “ 4L 

Y = total  shear  at  the  section 

fs  = stress  in  the  bar  under 

under  investigation,  lbs. 

investigation,  psi 

To  = sum  of  perimeters  of  the  Ion- 

D = nominal  diameter  of  the  bar, 

gitudinal  tension  bars  at  the 

inches 

section,  inches,  if  all  bars 

are  the  same  size;  for  mixed 

L = anchorage  length,  inches 

sizes,  substitute  4 As/D, 

where  As  is  total  longitudinal 

tension  steel  area  and  D is 

the  largest  bar  diameter. 

j — ratio  of  distance  between 

resultant  compression  and 

tension  forces  to  the  depth, 

d.  Usually  taken  as  7/8  for 

these  computations. 

d = effective  depth,  inches . 

Flexural  bond  stress  need  not  be  considered  in  compression. 
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PREFACE 


This  handbook  is  intended  primarily  for  the  use  of  Soil  Conservation 
Service  engineers.  Much  of  the  information  will  also  he  useful  to  engi- 
neers in  other  agencies  and  in  related  fields  of  work. 

The  aim  of  the  handbook  is  to  present  in  brief  and  usable  form  in- 
formation on  the  application  of  engineering  principles  to  the  problems  of 
soil  and  water  conservation.  While  this  information  will  generally  be 
sufficient  for  the  solution  of  most  of  the  problems  ordinarily  encoun- 
tered, full  use  should  be  made  of  other  sources  of  reference  material. 

The  scope  of  the  handbook  is  necessarily  limited  to  phases  of  en- 
gineering which  pertain  directly  to  the  program  of  the  Soil  Conservation 
Service.  Therefore,  emphasis  is  given  to  problems  involving  the  use, 
conservation,  and  disposal  of  water,  and  the  design  and  use  of  structures 
most  commonly  used  for  water  control.  Typical  problems  encountered  in 
soil  and  water  conservation  work  are  described,  basic  considerations  are 
set  forth,  and  all  of  the  step-by-step  procedures  are  outlined  to  enable 
the  engineer  to  obtain  a complete  understanding  of  a recommended  solution. 
These  solutions  will  be  helpful  in  training  engineers  and  will  tend  to 
promote  nation-wide  uniformity  in  procedures.  Since  some  phases  of  the 
field  of  conservation  engineering  are  relatively  new,  it  is  ejected  that 
further  experience  may  result  in  improved  methods  which  will  require  re- 
vision of  the  handbook  from  time  to  time. 

The  handbook  material  has  been  prepared  by  M.  M.  Culp,  Head  of  the 
Engineering  Standards  Unit  of  the  Engineering  Division,  and  his  associ- 
ates, Woody  L.  Cowan  and  Carroll  A.  Reese,  under  the  general  direction 
of  the  Engineering  Council.  The  Council  is  made  up  of  the  regional  engi- 
neers and  the  Chief  of  the  Engineering  Division  at  Washington.  Under 
its  direction  the  needs  of  engineers  in  all  parts  of  the  country  have 
been  considered  and  are  reflected  in  the  subject  matter  selected,  the 
method  of  presentation,  and  the  organization  of  the  different  sections. 

Many  sources  of  information  have  been  utilized  in  developing  the 
material.  Original  contributions  and  verbatim  use  of  previously  published 
materials  are  acknowledged  in  the  text. 


Engineering  Council: 

T.  B.  Chambers,  Chairman 

W.  S.  Atkinson 

A.  Carnes 

Edwin  Freyburger 

J.  J.  Coyle 

C.  J.  Francis 

J.  G.  Bamesberger 

Karl  0.  Kohler,  Jr. 
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Title 

Simple  Beam  Moments  for  Uniformly  Distributed  Load  - 
Simple  Beam  Moments  for  Concentrated  Load  - - - - - 
Simple  Beam  Moments  for  Trapezoidal  Load  ------ 

Shear  and  Moments  for  Trapezoidal  Load  on  Cantilever 
Loads  on  Ditch  Conduits  -------------- 

Drawing  Sizes  and  Title  Blocks  ----------- 

Eixed  Ended  Beam  Moments  for  Concentrated  Load, 
Uniformly  Distributed  Load,  and  Hydrostatic 
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Anchorage  Lengths,  and  Splice  Lengths  ------ 

Reinforced  Concrete  Design,  Working  Stress  Design, 
Flexure,  Beam  Shear,  and  Flexural  Bond  for 

f£  - 2500  psi 

f£  = 3000  psi  ------------------ 

f£  = 3500  psi  ------------------ 

f*  = 4000  psi 

f£  = 4500  psi  ------------------ 

f£  = 5000  psi 

f£  - 5500  psi--- 

f£  = 6000  psi 

Engineering  Drawing  — R/c  Drop  Spillway  (Series  B), 

F - 10*  -0,T,  h = 6*  -0",  L = 30*  - 0" 

Detailed  Drawing,  R/C  Drop  Spillway  (Series  B), 

F - 10*  -0",  h = 6*  -0",  L - 30*  -0M  
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A = area; 

= coefficient. 

a = height  of  vertical  slab  fixed  on  three  edges; 

= distance  from  end  of  beam  to  concentrated  load; 

= ratio  of  distance  from  end  of  beam  to  start  of  partial  uniform 
load  to  total  beam  span. 

b = breadth  or  width  of  vertical  slab  fixed  on  three  edges. 
bc  = breadth  of  conduit. 

bd  = breadth  or  width  of  ditch  or  trench  at  top  of  conduit. 

C = coefficient  [k(l  — k)]  -f  2 (see  ES-l); 

= ratio  of  load  intensities,  -s-  qx,  (see  ES-3)j 
= ratio  of  stiffnesses,  Ks  -s-  1^,  (see  ES-28  and  ES-29). 

Cc  = coefficient  (see  page  6.2-22  and  ES-22) . 

Cd  = coefficient  (see  page  6.2-18  and  ES-15). 

D = k(l  — l2)  (see  ES-3) * 

d = distance  between  two  concentrated  loads  (see  ES-25). 

E = 3 + (1  + k)  (see  ES-3). 

e = 2.7183  = base  of  Naperian  logarithms; 

= eccentricity; 

= moment  arm. 

H = height  of  wall; 

= vertical  distance  from  top  of  fill  to  top  of  conduit; 

= vertical  distance  between  center  lines  of  top  and  bottom  of 
conduit  (see  ES-28  and  ES-29); 

= horizontal  component  of  force . 

Hc  = vertical  distance  from  top  of  fill  to  top  of  conduit. 

He  = height  of  equal  settlement. 

h = vertical  dimension  or  distance  (see  ES-^); 

= vertical  inside  dimension  of  conduit  (see  ES-28  and  ES-29). 

i = angle  of  surcharge  between  fill  slope  and  horizontal. 

K = ratio  of  active  lateral  pressure  to  vertical  pressure; 

= a shape  factor  coefficient  for  wind  loads. 

Kc  = stiffness  of  slab  (see  ES-28  and  ES-29). 

= stiffness  of  wall  (see  ES-28  and  ES-29). 
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k = radius  of  gyration; 

= ratio  of  distance  from  end  of  team  to  a point  on  the  "beam  to 
total  span  length. 

L = distance  between  center  lines  of  vertical  walls  of  rectangular 
conduit  (see  ES-28  and  ES-29). 

£ = horizontal  inside  dimension  of  conduit  (see  ES-28  and  ES-29); 

= length  of  beam. 

M = moment . 

= moment  at  end  "a"  of  member  "ab"  . 

E 

Mg-^  = fixed  end  moment  at  end  "a"  of  member  "ab" . 

g 

Mc  = simple  beam  moment  at  point  "c" . 

= momen^  a_t:  distance  kj£  from  end  of  beam. 

Mx  = Mkjg  where  x = kj£  . 
m = ( see  ES-29) . 

n = (see  ES-29) . 

P = resultant  active  force  per  foot  of  wall  (see  page  6. 2-4); 

= concentrated  load. 

Pjj  = horizontal  component  of  P. 

Py  = vertical  component  of  P. 

Pp  = resultant  passive  force  per  foot  of  wall  (see  page  6.2-15). 
p = intensity  of  pressure  at  a point; 

= (see  ES-28) . 

Pn  = normal  unit  pressure  on  inclined  surface, 
psf  = pounds  per  square  foot . 
psi  = pounds  per  square  inch, 
q = intensity  of  load  on  a beam; 

= (see  ES-28) . 

R = resultant  of  a system  of  forces  or  loads; 

= reaction. 

R^  = reaction  at  end  "A"  of  beam. 

F 

R^  = reaction  at  end  ?,AM  of  fixed  ended  beam. 

g 

R^  = simple  beam  reaction  at  end  "A" . 

S = shear . 

= algebraic  sum  of  fixed  end  moments  at  joint  "A”. 
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V = vertical  component  of  force; 

= wind  velocity; 

= shear. 

VA  = shear  at  end  "A"  of  structural  member. 

VA  = shear  at  end  "A"  of  fixed  ended  member. 

= shear  at  end  "A”  of  simply  supported  member. 

= s^ear  distance  kj?  from  end  of  member. 

W = total  load  on  a beam. 

Wc  = total  load  per  unit  of  length  on  a conduit, 
w = specific  weight  of  soil  per  unit  volume; 

= weight  of  equivalent  fluid  per  unit  volume, 
x = coordinate  length  (usually  horizontal), 
y = coordinate  length  (usually  vertical) . 

Z = angle  of  friction  between  soil  and  back  of  wall, 
z = ratio  of  lengths  or  distances. 

« = (2K/U1  ) -s-  b^  (see  page  6.2-17). 

7 = unit  weight  of  backfill  (see  ES-15  and  E3-22) . 

b = settlement  deflection  ratio  (see  ES-22) . 

O = angle  between  horizontal  and  inclined  surface; 

= angle  between  horizontal  and  back  face  of  wall. 

/u  = tangent  of  angle  of  internal  friction  in  backfill. 

f i ' = tangent  of  angle  of  friction  between  fill  material  and 
the  sides  of  the  ditch  or  trench. 

p = projection  ratio. 

2 = summation  sign  - sum  of. 

0 = angle  of  internal  friction  of  a soil. 

All  symbols  and  notations  used  in  reinforced  concrete  design  dis 
cussions  conform  to  those  given  in  the  "Reinforced  Concrete  Design 
Handbook"  of  the  American  Concrete  Institute. 
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SECTION  6 

Structural  Design  - General 


1.  General  Discussion.  Structural  design  is  a combination  of  practical 
engineering  sense  and  theory.  The  design  process  involves  two  broad  phases 
of  the  total  job.  In  the  first  phase  the  general  features  or  layout  of 
the  job  are  decided  upon,  tentative  selections  of  the  various  types  of 
materials  to  be  used  are  made,  and  decisions  as  to  the  functional  require- 
ments of  the  job  are  reached.  The  second  phase  involves  the  proportioning 

of  the  various  parts  of  the  structure  to  carry  the  required  loads . These 
two  phases  are  closely  related  by  several  factors,  one  of  which  is  the 
necessity  to  produce  the  required  structure  economically. 

A good  structural  designer  will  have  a thorough  knowledge  of  construc- 
tion methods  and  practice,  and  he  will  constantly  strive  to  prepare  plans 
that  can  be  executed  without  unusual  complications;  he  will  weigh  the  extra 
costs  involved  in  the  construction  of  complicated  details  against  the  func- 
tional advantages  thereof. 

He  must  ask  the  following  questions  over  and  over  during  the  design 

process:  First,  how  does  this  structure  and  its  parts  bend,  deflect,  or 

move?  Second,  how  can  it  fail?  These  are  powerful  questions.  Seldom  can 
the  first  question  be  answered  with  quantitative  precision,  but  it  can 
usually  be  answered  qualitatively.  It  may  be  difficult  to  estimate  the 
magnitude  of  the  strains,  rotations,  and  displacements,  but  it  is  impera- 
tive that  the  sense  and  location  of  these  movements  be  well  defined.  Con- 
sideration of  the  second  question  should  include  the  possibility  of  failure 
by  collapse  of  one  or  all  of  the  structural  elements  or  by  sliding,  settle- 
ment, or  some  other  form  of  displacement  of  the  entire  structure. 

Durability  is  an  extremely  important  factor  in  the  design  of  hydrau- 
lic structures.  The  durability  of  a structure  is  affected  by  design  as- 
sumptions, materials,  construction  practice,  and  climate.  It  is  not  enough 
to  design  a structure  so  that  it  has  sufficient  structural  strength  only; 
it  must  be  designed  to  resist  structural  or  physical  deterioration  for  the 
anticipated  life  of  the  structure.  Reinforced  concrete  hydraulic  struc- 
tures that  will  be  subjected  to  numerous  freezing  and  thawing  cycles  must 
be  so  designed  and  built  that  cracks  of  sufficient  size  to  permit  concen- 
trated seepage  of  water  through  the  structure  will  be  prevented. 

Often  there  are  several  ways  to  solve  a design  problem,  two  or  maybe 
three  of  which  are  definitely  superior  to  the  others.  Any  engineer  that 
has  worked  in  the  design  field  for  very  long  will  have  assembled  a set  of 
design  notes,  aids,  and  ways  of  doing  things  that  he  likes  and  with  which 
he  is  familiar.  His  methods  may  be  excellent  or  they  may  be  inefficient 
and  yet  produce  sound  results.  It  is  far  beyond  the  scope  of  this  handbook 
to  attempt  to  include  even  several  of  the  different  methods  or  procedures 
that  might  be  used  to  solve  any  one  of  the  various  problems  treated.  In 
general,  the  procedure  will  be  to  present  one  system  or  method  of  solution 
that  is  practical  and  adequate  and  then  illustrate  it  with  examples.  In 
some  cases  various  methods  will  be  presented  to  demonstrate  the  advantage 
of  one  or  to  facilitate  the  combination  of  a set  of  computations  with  sub- 
sequent steps  in  the  solution  of  a general  problem. 
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2 . Loads . One  of  the  most  difficult  jobs  confronting  the  structural  de- 
signer is  the  determination  of  the  loads  to  be  carried  by  the  structure. 
Many  questions  need  to  be  answered.  What  possible  loads  can  come  to  the 
structure  during  its  lifetime  including  the  construction  period?  In  what 
possible  combinations  can  these  various  loads  act?  What  are  the  relation- 
ships between  magnitude  and  frequency  of  the  various  loads  and  what  effect 
should  these  relationships  have  on  design  load  and  unit  stress  assumptions? 
What  hazards  are  involved  should  the  structure  fail? 

Answers  to  the  above  questions  will  provide  guidance  in  selecting 
design  loads.  Specially  designed  structures  of  unusual  magnitude,  cost, 
or  complexity,  or  those  in  which  the  hazards  are  high,  should  failure 
occur,  will  justify  a considerable  expenditure  of  time  and  energy  for  ac- 
curate determination  of  loads.  Such  structures  are  designed  for  a speci- 
fic location  and  purpose  and  extensive  studies  in  soil  mechanics  and  other 
fields  may  be  justified. 

On  smaller  structures  where  the  hazards  of  failure  and  costs  are  both 
comparatively  low,  it  is  reasonable  and  practical  to  develop  standard  de- 
tailed construction  plans  that  can  be  used  from  job  to  job  over  a wide 
range  of  conditions.  The  problems  of  load  determination  for  the  design  of 
such  structures  are  somewhat  different  than  for  a specific  structure  to 
be  built  at  a given  location.  In  the  design  of  standard  structures  an 
attempt  must  be  made  to  determine  the  average  load  for  each  of  the  various 
possible  loading  conditions  and  then  check  to  be  certain  that  the  maximum 
loads  do  not  encroach  on  the  factor  of  safety  too  far.  This  is  more  easi- 
ly said  than  done  because  of  the  many  variables  such  as  differences  in 
construction  materials  at  different  locations,  differences  in  types  of 
soil,  both  in  foundations  and  backfill,  and  differences  in  climate  and  ex- 
posure conditions. 

2.1  Dead  Loads.  Dead  loads  are  fixed  in  magnitude,  point  of  appli- 
cation, and  direction  and  act  on  the  structure  continuously.  They  result 
from  the  weight  of  the  structure  itself  and  attached  appurtenances,  and 
always  act  in  a vertical  direction  since  they  result  from  the  pull  of 
gravity. 

Extensive  tables  of  weights  and  specific  gravity  are  given  in  several 
handbooks,  and  it  is  considered  unnecessary  to  reproduce  them  here.  One 
such  table  can  be  found  in  the  Manual  of  the  American  Institute  of  Steel 
Construction  entitled  "Steel  Construction";  another  is  in  King?s  "Handbook 
of  Hydraulics." 

The  selection  of  specific  weights  requires  thought  and  good  judgment. 
Often  materials  thought  of  as  having  fixed  specific  weights  (unit  weight) 
vary  considerably  in  density.  For  example,  the  specific  gravity  of  alum- 
inum will  vary  from  about  2.55  to  2.75*  The  weight  of  earth  in  pounds  per 
cubic  foot  will  vary  from  65  to  130  depending  upon  the  moisture  -content, 
void  ratio,  and  specific  gravity  of  the  solid  particles.  Very  well  com- 
pacted earth  may  vary  from  90  to  130  lbs.  per  cu.  ft. 

For  standards  and  small  structures,  average  values  must  be  chosen 
with  good  judgment.  On  specific  structures  more  precise  values  should  be 
used. 


Q 


Special  caution  is  justified  in  those  cases  where  the  effective 
weight  of  a material  is  lowered  hy  its  submersion  in  water.  Remember 
that  a tody  heavier  than  water  is  reduced  in  effective  weight  ty  an  amount 
equal  to  the  weight  of  the  displaced  water,  and  a tody  lighter  than  water 
ty  unit  weight  (specific  weight)  will  displace  its  weight  of  water  if  it 
floats;  if  it  is  submerged,  it  must  te  held  down  ty  a force  equal  to  the 
weight  of  the  displaced  water  minus  the  weight  of  the  tody  in  air.  A more 
thorough  treatment  of  this  subject  is  found  in  the  section  on  "Hydraulics  - 
General . " 


2.2  Live  Loads.  All  loads  other  than  dead  loads  are  live  loads. 

Live  loads  may  te  steady  or  unsteady,  fixed,  movable  or  moving;  they  may 
vary  in  magnitude  and  te  applied  slowly  or  suddenly.  Fortunately  most 
live  loads  encountered  in  the  design  of  hydraulic  structures  are  fixed 
and  relatively  steady.  However,  load  fluctuations  may  te  severe  and  very 
rapid  in  a pipe  line  when  a valve  is  closed  suddenly  or  when  there  is  an 
abrupt  change  in  flow  conditions  in  the  pipe.  Bridges  are  subject  to 
moving  loads  and  impact  effects.  Earth  pressures  will  vary  in  intensity 
tut  are  slow  in  changing. 

2.2.1  Hydrostatic  Pressure.  Triangular  and  trapezoidal  pres- 
sure diagrams  that  indicate  a linear  relationship  between  intensity  of 
pressure  and  depth  are  used  to  represent  both  water  pressure  and  earth 
pressure.  See  Section  5,  Hydraulics  - General,  for  a more  complete  treat- 
ment of  hydrostatic  pressure,  or  refer  to  King’s  "Handbook  of  Hydraulics", 
or  to  any  standard  textbook  on  hydraulics. 

The  solution  of  a simple  tut  common  problem  involving  hydrostatic 
pressure  is  given  below.  In  this  illustration  the  solution  is  found  by 
three  equivalent  but  slightly  different  procedures.  Note  the  ease  with 
which  this  particular  problem  is  solved  by  the  use  of  drawing  ES-4.  It 
will  usually  be  found  that  this  procedure  is  easiest  and  most  rapid  for 
rectangular  areas,  the  most  common  case  encountered. 

Problem:  Find  magnitude  and  point  of  application  of  resultant  pres- 

sure on  a vertical  slice  (12  inches  wide)  of  the  submerged  sluice  gate 
shown  below.  The  gate  opening  is  5,-0”  high.  Neglect  loads  around  edge 
of  gate  that  are  directly  against  the  gate  frame. 

Solution  No.  1 - (See  Fig.  6.2-1.)  Compute  intensities  of  pressure  at  top 
and  bottom  of  gate  as  shown  on  the  drawing.  Next  compute  moment  of  load 
diagram  about  bottom  of  gate . 


Load 

x Arm 

= Moment 

187 

x 5.00  = 935 

lbs . x 2 .50 

ft.  = 2338  ft.  lbs. 

1/2  x 312 

x 5.00  = 780 

” x 5/3 

" = 1300  " 

P = 1715 

lbs. 

M = 3638  ft.  lbs. 
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For  the  resultant  P to  have  the  same  moment  about  the  base  as  the 
load  diagram  it  must  be  located  a distance,  e,  above  the  bottom  of  the 
gate  opening  = M + P = 3638  + 1715  = 2.12  ft. 


FIG.  6.2-1 

Solution  No.  2.  King’s  "Handbook  of  Hydraulics",  page  20,  3^d  edition: 
P = wAy  = 62.4  x 5 x 1 x 5»50  = 1715  lbs. 

21 

X = y + — = 5.5  + = 5.88  ft. I 8.00  - 5.88  = 2.12  = e 

J y 5.5  — 

Solution  Ho,  3«  Use  drawing  ES-4  for  y = 8-0,  h = 3-0,  and  w = 62.4 

= 1716  lbs. 

= 3638  ft. lbs. 


S = P = 27.5  x 62.4 

M = 58.3  x 62.4 

M = 36^8 
P 1716 
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2.2.2  Active  Lateral  Earth  Pressure.  The  determination  of 
precise  values  for  lateral  earth  pressure  is  difficult,  if  not  impossible, 
"because  of  the  wide  variation  in  soil  types  and  characteristics,  soil 
moisture  relationships,  rigidity  of  the  restraining  wall,  and  other  fac- 
tors. The  classic  theories  give  reasonably  good  results  in  those  cases 
where  the  physical  conditions  closely  approximate  the  assumptions  on  which 
the  theory  is  based;  they  may  be  in  serious  error  for  cohesive  or  wet 
soils  or  unyielding  walls . 

During  recent  years  this  subject  has  received  considerable  attention 
as  a part  of  the  rapid  development  of  the  field  of  Soil  Mechanics.  As  yet, 
however,  there  has  been  no  reasonably  easy  and  accurate  solution  to  this 
general  problem.  Extensive  tests  of  the  physical  and  structural  properties 
of  soil  are  needed  to  make  use  of  the  currently  available  advanced  methods 
of  solution.  Only  in  unusual  cases  would  the  type  and  size  of  structures 
built  by  the  Soil  Conservation  Service  justify  such  tests. 

Hence,  it  has  been  arbitrarily  decided  to  use  the  classic  method  of 
Coulomb  and  the  other  customary  practice  based  on  equivalent  fluid  pres- 
sures as  the  two  most  applicable  methods  for  our  work. 

Coulomb’s  method  is  applicable  only  to  dry,  noncohesive,  permeable 
soils  of  high  structural  strength  best  exemplified  by  relatively  clean  sand 
or  gravel. 


Coulomb's  general  equation  for  active  earth  load  on  a yielding  wall  is 


P = 1/2  wH2 


sm 


(»- 


sin2  & sin(0  + Z) 


4/i 


sin(Z  + 0)sin(0  — 
sin(0  + Z)sin(0-  — 


in 

D7 


where 

P = total  pressure  per  linear  foot  of  wall  in  lbs. 
w = specific  (unit)  weight  of  soil  in  lbs.  per  cu.  ft. 

H = height  of  wall  in  ft. 

0 = angle  between  back  face  of  wall  and  horizontal. 

/ = angle  of  internal  friction  of  the  soil. 

Z = friction  angle  between  soil  and  back  of  wall. 

1 = angle  of  surcharge  between  fill  slope  and  horizontal. 


(6.2-1) 


Coulomb's  equations  are  based  on  the  assumption  of  linear  variation 
in  pressure;  hence,  P always  acts  on  the  surface  under  consideration  at 
H/3  above  the  base. 

Dry,  clean  sand  and  gravel  evidence  values  of  the  variables  involved 
approximately  as  indicated  below: 


Variable 

Units 

Min. 

Max. 

Remarks 

w 

lbs /ft3 

100 

120 

Increases  with  compaction 

degrees 

35 

45 

Increases  with  compaction 

Z 

degrees 

20 

25 

Sand  against  concrete 
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Note:  If  the  fill  will  "be  subjected  to  vibration  from  any  source,  the 

value  of  Z should  he  taken  as  zero.  Tractors  used  for  hackfilling  will 
usually  provide  sufficient  vibration  to  warrant  reducing  Z to  zero  in  ad- 
dition to  producing  a surcharge  on  the  wall. 

This  nomenclature  is  illustrated  in  fig.,  6.2-2  helow. 


Culmann  has  developed  a graphical  solution  to  Coulomb’s  equation 
that  has  practical  value,  particularly  for  those  cases  in  which  the  hack- 
fill  surface  is  irregular  or  carries  a surcharge.  This  graphical  solution 
is  illustrated  by  the  following  examples . 

Example  1 - (See  fig.  6.2-3) 

Step  1.  Draw  a sectional  elevation  of  the  wall  and  the  earth  fill 
surface  to  scale,  compute  the  values  of  angles  9 and  i,  and  then  tabu- 
late the  values  of  9-,  i,  0,  Z,  and  w. 

Step  2.  Lay  out  lines  AB  and  AC  as  shown  in  fig.  6.2-3.  Line  AB  is 
laid  off  from  A,  the  heel  of  the  wall,  above  the  horizontal  line  AD  so 
that  the  angle  BAD  = 0.  Line  AC  is  laid  off  from  A below  the  horizontal 
line  AD  so  that  the  angle  DAC  = l80°  — (Z  + 0 + 9). 

Step  3*  Compute  the  weight  of  the  various  earth  fill  slices  indi- 
cated. An  easy  way  to  do  this  in  this  case  is:  Extend  the  earth  fill 
line  past  point  M and  draw  the  line  AM  through  A so  that  the  angle  NMA  is 
90  degrees.  Scale  or  compute  the  length  of  the  line  AM.  Next  lay  off 
distances  8,  10,  12,  etc.,  feet  from  point  0 along  the  earth  fill  line  to 
the  scale  used  in  drawing  the  wall.  Draw  the  lines  A8,  A10,  A12,  etc., 
thus  defining  various  earth  slices  whose  weights  are  to  be  computed.  In 
a case  such  as  this,  the  use  of  an  even  increment  of  distance  along  the 
earth  fill  slopes  will  facilitate  the  computations  as  will  be  seen  later. 
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The  veight  of  the  earth  slice  (1  foot  thick)  0-8-A-0  is  determined  by  multi- 
plying the  base  of  the  triangle  = 8 feet  by  the  height  = 12.02  feet  by  one- 
half  by  the  unit  veight  of  the  earth.  (See  the  computations  on  fig.  6.2-3.) 
The  veight  of  the  slice  0-10-A-0  is  found  by  adding  the  veight  of  the  slice 
increment  8-A-10-8  to  the  veight  of  the  slice  0-8-A-0.  The  veight  of  the 
slice  increment  is  computed  as  shovn  in  fig.  6.2-3.  Add  increments  to  ob- 
tain veight  of  other  slices . 

Step  4.  To  some  convenient  scale  lay  off  the  veights  of  the  various 
earth  fill  slices  along  the  line  AB  vith  the  zero  point  of  the  scale  at  A, 
thus  locating  points  w8,  W10,  etc. 

Step  5*  Next  drav  lines  from  W8,  W10,  etc.,  parallel  to  the  line  AC  to 
an  intersection  vith  the  corresponding  lines  a8,  A10,  etc.;  i.e.,  the  line 
from  w8  parallel  to  AC  is  dravn  to  an  intersection  vith  the  line  a8,  etc. 

Step  6.  Connect  the  points  of  intersection  obtained  in  step  5 vith  a 
smooth  curve  and  drav  a tangent  to  this  curve  parallel  to  the  line  AB . 

Step  7*  From  the  point  of  tangency  found  in  step  6 drav  a line  parallel 
to  AC  back  to  the  line  AB.  The  length  of  line  at  the  scale  used  in  plotting 
the  veights  along  AB  is  the  value  of  the  resultant  load  on  the  vail  = P.  The 
horizontal  and  vertical  components  of  P can  be  found  graphically  as  indi- 
cated in  fig.  6.2-3. 

Step  8.  Locate  the  point  of  application  and  direction  of  the  resultant 
load  P.  The  point  of  application  of  the  load  is  on  the  vail  a vertical  dis- 
tance of  one-third  H above  its  base.  The  direction  of  P is  defined  by  the 
angle  Z. 

This  graphical  solution  can  be  checked  by  substitution  in  Coulomb Ts 
general  equation  as  follovs: 


P = 


0.3  x 100  x 12s  x s±n2(99°2Q'  - 33°) 


s in2  99°28 ’ s in ( 99°28 ’ +2  0 


»,  (L ./ 


sin(20o+33°)sin(3!>Q-l8o26t ) 


sin(99°28 '+20° )sin(99°28 ’ - i8°26 


7200  x (0.90234)2 


( 0. 98638 )2 (0.87064) 


0.81913  x 0.28313 
0.87064  x 0.98778 


= 3000  lbs. 


The  horizontal  and  vertical  components  of  P can  be  computed  from  the 
folloving  equations: 


Ph  = P cos 

Z + (O  - 

90°j 

; = 3000  cos  29°28’ 

= 2620  lbs. 

Pv  = P sin  £ 

Z + (O  - 

90°lj 

; = 3000  sin  29°28’ 

= 1470  lbs. 

/2-0 
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H/ 20 

IV/8 

W 16  e\°' 

W 14 

W/2  -7212. 

IV 10-6010. 

W 8 -4308.  /3s. 


&>  - SO°+orc  fon^en/  ~ -99°~2d ' 


/SO0-  (B  +0+0)?  25  °-32  ' 


w = 100  lbs /ft3 

% = 99°-28’ 

0 = 35° 

Z = 20° 

1 = arc  tan  — = l8°-26 ’ 

3 

Compute  AM 

AN  = 12  + | = ^ 

3 3 


AM 

AN 


3 

v/To 

AM  = 12.02 


or  AM  = § x 
3 


/To 


Compute  Slice  Weights 


1 


W8 

A2W  = weight  of  2 ft . slice  increment 


- x 8 x 12.02  x 100  = .4-808  lbs. 


W10  : 
W12  : 
Etc . 


- x 2 x 12.02  x 100  = 1202 

W8  + A2W  = 4-808  + 1202  = 6010  lbs 
6010  + 1202  = 7212  lbs. 


FIG.  6.2-3 


& 
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If  the  angles  i and  Z equal  zero  and  angle  0=90  degrees,  then 
Coulomb's  general  equation  reduces  to 

P = 1/2  wH2  3lD  f,  (6.2-2) 

1 + sin  0 

which  is  identical  to  Rankin’s  equation  for  this  case. 


This  case  is  illustrated  in  the  following  example.  Its  solution  is 
probably  most  easily  accomplished  by  the  above  equation  (6.2-2)  unless  a 
scale  drawing  of  the  wall  and  other  tools  are  readily  available  for  the 
graphical  construction.  The  graphical  solution  is  demonstrated  to  point 
out  some  important  relationships  for  this  case  and  to  further  illustrate 
its  use. 

Example  2 - (See  fig.  6.2-4) 

A two-foot  surcharge  has  been  assumed  in  this  case;  this  is  approxi- 
mately equivalent  to  a heavy  crawler-type  tractor  that  might  be  expected 
to  operate  close  to  the  top  of  the  wall  during  construction  operations. 
Paragraph  3«2.l8,  page  137*  of  the  "Standard  Specifications  for  Highway 
Bridges"  of  the  American  Association  of  State  Highway  Officials  requires 
the  placement  of  a two-foot  surcharge  of  earth  where  highway  traffic  can 
be  expected  within  a distance  of  one-half  H from  the  top  of  the  wall.  In 
either  case,  the  two-foot  surcharge  is  a logical  addition  to  the  load  on 
the  wall.  In  such  cases  Z should  be  taken  equal  to  zero. 


The  graphical  solution  was  made  following  the  procedure  outlined  in 
example  1.  Where  the  top  of  the  fill  is  horizontal,  as  in  this  case,  the 
bisector  of  the  angle  TAB  defines  the  wedge  of  maximum  thrust  so  that  the 
maximum  value  of  P can  be  drawn  without  constructing  the  curve. 

The  value  of  P = 2290  lbs,  found  from  the  graphical  construction,  is 
the  load  on  the  surface  OA.  The  value  of  the  load  on  AT  can  be  found  most 
easily  by  converting  P into  an  equivalent  fluid  pressure  diagram  as  shown 
in  fig.  6.2-4.  From  this  equivalent  fluid  pressure  diagram  the  load  on 
the  wall  AT  becomes  a trapezoidal  pressure  diagram.  The  resultant  of  the 
trapezoidal  pressure  diagram  can  be  found  as  indicated  in  fig.  6.2-4,  or 
the  total  load  and  moment  about  the  base  can  be  found  very  easily  by  the 

use  of  drawing  ES-4  as  follows:  For  h = 2,  y = 13*  and  w = 27.1, 

R = S = 82.5  x 27.1  = 2240  lbs. 

M = 342.8  x 27.1  = 9290  ft. lbs. 


The  solution  for  P given  in  fig.  6.2-4  may  be  checked  by  equation 

(6.2-2). 


P = l/2  wH2  = l/2  x 100  x 132 

1 + sin  0 


1 — sin  33° 
1 + sin  35° 


= 8450  x 


0.42642 

1.57358 


= 2290  lbs. 
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e = 90°,  z = o 

w = 100  lb/ft3 

Compute  Slice  Weights 
W4  = l/2  x 4 x 13  x 100  = 2600  lbs 
A2W  = weight  of  2 ft  slice  increment 
= l/2  x % x 13  x 100  = 1300  lbs 
W 6 = 2600  + 1300  = 3900  lbs 

Etc . 


l/2  wH2  = 2290  lbs 
w = 2290  2 = 27.1  lb /ft3 

132 


Resultant  load  and  moment  from 
dvg.  ES-4  for  y = 13  and  h = 2 


R = 
M = 

M _ 
R 


82.5  x 27.1  = 2240  lbs 
342.8  x 27.1  = 9290  ft  lbs 


92^0 

2240 


4.15  ft 


FIG.  6.2-4 

If  the  angle  0=90  degrees  and  angle  Z = zero,  then  Coulomb T s 
equation  reduces  to 


P = l/2  wHs 


cos 


(i+y 


sin  / sin(0- 
sin(0-i ) 


=7 


(6.2-3) 
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Example  3 - (See  fig.  6.2-5) 

In  this  example  a negative  value  of  the  angle  i has  been  assumed 
and  an  illustration  solved  graphically  and  algebraically.  The  graphical 
solution  is  straight forward  following  the  rules  previously  given.  Signs 
of  the  angles  must  be  watched  in  the  algebraic  solution.  For  example, 
in  this  case,  sin(/-i)  = sin  30°- ( -26°34  ’ ) = sin(30°+26°34 ' ) . 

Note  that  when  Z = 0,  the  direction  of  the  resultant  load  is  normal 
to  the  wall;  then  if  the  wall  is  vertical  (-9  = 90  degrees),  the  resultant 
load  P is  horizontal. 


O 


AM  = 15  cos  26°34 ’ = 13.42  ft.  Equivalent  fluid  pressure 

W4  = 1/2  x 4 x 13 .42  x 100  = 2684  lbs  1/2  wH2  = 2970 

A2W  = 1/2  x 2 x 13.42  x 100  = 1342  lbs  v = 2970  x 2 = ^ lts/ft3 

w6  = w4  + a2w  = 2684  + 1342  = 4026  225 

w8  = w6  + A2W  ; etc. 


FIG.  6.2-5 
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Algebraic  Solution:  (Based  on  equation  6.2-3*) 


P = 1/2  wHs 


cos 


£ 


0.3  x 100  x 223  x cos2  30° 


hfi (W 


sin  30°sin(30o+26Q3V  )\ 

sin (90°+  26°34')  J 


11230  x 0.8662 

x 0.833^ 


2970  lbs. 


89^  J 


As  pointed  out  previously,  the  lateral  earth  pressure  depends  on 
numerous  characteristics  of  the  backfill. 


The  shearing  strength  of  the  soil  is  determined  by  tests  that  give 
values  of  the  angle  of  internal  friction,  0,  and  of  cohesion.  For  rela- 
tively clean  sand  and  gravel  the  angle  of  internal  friction  is  high.  It 
usually  varies  between  35  and  4-5  degrees  and  is  affected  very  little  by 
moisture  content;  the  cohesion  is  negligible.  The  moisture  content  of 
clay  affects  its  shearing  strength  so  that  the  angle  0 may  vary  from  zero 
for  fully  saturated  clay  to  about  30  degrees  for  dry  clay;  cohesion  is 
usually  quite  high  in  dry  clay  with  considerable  decrease  with  increased 
moisture . 

Permeability  of  the  backfill  may  vary  from  very  high  values  for 
clean  sands  and  gravels  to  practically  zero  for  consolidated  clays. 

The  density  of  the  backfill  obviously  is  a factor  in  the  lateral 
pressures  that  it  will  exert. 

The  most  important  single  characteristic  for  most  soils  other  than 
clean  sands  or  gravels  is  the  moisture  content.  Numerous  tests  have 
shown  that  earth  pressures  go  up  with  an  increase  in  moisture  content  of 
the  backfill.  The  amount  of  moisture  in  a backfill  depends  upon  several 
factors  which  can  be  grouped  under  two  principal  categories.  They  are: 

(l)  factors  affecting  the  availability  of  free  water;  and  (2)  those  fac- 
tors affecting  the  disposal  of  excess  free  water. 

In  general,  there  are  two  sources  of  surface  supply  and  one  of  under- 
ground supply.  Water  may  reach  the  backfill  of  a wall  by  direct  rainfall, 
overland  flow,  or  lateral  underground  seepage. 

Good  surface  drainage  and  a layer  of  well-graded,  relatively  impervi- 
ous soil  of  high  density,  that  shrinks  little  on  drying,  placed  on  top  of 
the  backfill  will  help  to  reduce  infiltration  of  water  from  the  surface. 

In  open  permeable  soils  above  a low  water  table  (below  the  bottom 
of  the  wall  by  several  feet),  water  that  does  penetrate  the  soil  surface 
seeps  vertically  through  the  profile  and  causes  little  if  any  increase  in 
lateral  pressure.  Even  in  permeable  soils,  if  the  water  table  is  high 
and  no  drainage  is  provided,  the  amount  of  water  that  infiltrates  through 
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the  surface  may  soon  fill  all  the  voids  in  the  soil  thus  completely  satu- 
rating it  with  an  accompanying  large  increase  in  lateral  pressure  due  to 
the  addition  of  the  hydrostatic  load. 

In  soils  of  low  permeability,  adequate  drainage  is  difficult  and 
costly.  The  drainage  usually  provided  for  retaining  walls  and  comparable 
structures  is  entirely  inadequate  for  clay  soils  with  the  result  that  if 
a clay  backfill  is  allowed  to  become  wet,  as  it  usually  will,  there  is  a 
gradual  increase  in  lateral  pressure  with  the  increase  in  moisture  until 
at  complete  saturation  the  backfill  acts  very  much  like  a liquid. 

Freezing  temperatures  and  the  subsequent  formation  of  ice  layers  in 
fine-grained  soils  constitute  another  possible  source  of  increased  lateral 
earth  pressures . 

In  view  of  the  many  factors  that  affect  lateral  earth  pressures,  it 
is  somewhat  presumptuous  to  present  the  following  table;  however,  we  are 
continually  faced  with  the  design  of  various  types  of  structural  elements 
that  must  satisfactorily  resist  lateral  earth  pressures.  The  previous 
discussion  and  the  following  table  6,2-1  should  constitute  a reasonable 
guide  for  estimating  probable  lateral  earth  pressures  for  small  structures. 


TABLE  6.2-1 

Equivalent  Fluid  Pressures  for  Compacted 
Backfills  of  Various  Soils  with  no  Surcharge 


Type  of  Soil 

Permea- 

Shearing 

Approx. 
Dry  Weight 
lbs  /ft3 

Equivalent  Fluid  Weight 
in  lbs  per  cu  ft 

bility 

Strength 

Ordinary 

Drainage 

Satu- 

A1 

IT 

rated 

1.  Clean  sand, 

gravel  or  sand- 
gravel  mixture 

high 

high 

110 

30 

35 

80 

2.  Well-graded 

sand,  silt,  and 
clay  mixture 

low 

high 

125 

ko 

65 

85 

3 . Sandy,  clayey 
silt 

low 

good 

100 

45 

8o 

90 

Clay 

very 

low 

low 

100 

90 

90 

120 

5.  Fluid  mud, 
sluiced  silty 
clay  or  clay 

none 

->  — 

135 

•‘■Condition  A - Infiltration  from  rainfall  is  only  source  of  surface 
water;  good  surface  drainage  away  from  the  wall;  low  water  table  several 
feet  below  bottom  of  wall. 


Condition  B - Subject  to  rainfall  and  inflow  of  surface  runoff  from 
adjacent  areas;  poor  surface  drainage;  high  water  table  near  or  above 
bottom  of  wall. 
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Drainage  of  the  backfill  is  usually  essential  if  pressures  are  to  be 
kept  low  enough  to  permit  economical  designs.  However,  the  cost  of  pro- 
viding adequate  drainage  may  be  so  high  for  clay  and  other  fine-grained 
soils  that  it  becomes  economical  to  design  relatively  low  walls  for  high 
lateral  pressures  and  use  only  nominal  customary  drainage.  The  availabil- 
ity of  pit-run  sand  or  gravel  for  use  as  drains  and  the  cost  thereof  will 
affect  this  decision.  Obviously,  it  is  impossible  to  state  any  fixed 
rule --the  decision  should  be  based  on  comparative  cost  studies  for  any 
particular  structure  and  site. 

A minimum  amount  of  drainage  should  be  provided  for  all  walls  subject 
to  lateral  earth  pressure.  Weep  holes  of  3 or  4-inch  diameter  with  the 
lowest  practical  free  outlet  should  be  provided  at  5 to  10  feet  spacing 
with  a coarse  sand  or  gravel  filter  and  collector  running  the  full  length 
of  the  wall.  Such  a filter  should  be  at  least  l8  inches  thick  and  have  a 
horizontal  dimension  of  l8  inches  up,  depending  upon  the  soil  type.  In 
clayey  silts  and  clays,  the  horizontal  dimension  of  the  filter  might  well 
be  made  equal  to  half  the  height  of  the  wall  if  filter  material  is  readily 
available  and  cheap. 

It  is  often  advantageous  to  use  a perforated  collector  pipe  in  the 
filter  and  outlet  this  pipe  through  the  wall  at  intervals  of  50  to  100 
feet.  Usually  such  a pipe  need  not  exceed  four  inches  in  diameter  if  it 
is  placed  on  a one-percent  grade  and  does  not  extend  more  than  50  feet  on 
each  side  of  the  outlet.  Such  pipe  should  be  durable  and  of  sufficient 
strength  to  withstand  the  loads  imposed  on  it. 

Very  good  drainage  of  clay  backfills  can  be  accomplished  by  placing 
a large  filter  of  clean,  coarse  sand  or  gravel  or  sand-gravel  mixture 
back  of  the  wall  as  indicated  in  fig.  6.2-6.  This  recommendation  is  based 
on  work  reported  by  Prof.  Gregory  P.  Tschebotarioff  of  Princeton  Univer- 
sity in  Paper  No.  2374,  Vol.  Il4,  1949*  of  the  Transactions  of  the  Ameri- 
can Society  of  Civil  Engineers  entitled  "Large-scale  Model  Earth  Pressure 
Tests  on  Flexible  Bulkheads."  The  following  quotation  is  from  page  431 
of  the  above  reference: 

"The  use  of  a sand  dike  sloping  away  from  the  bulkhead  of  a 
natural  (1:1.7)  slope  was  found  to  be  fully  effective  in  reducing 
the  fluid  lateral  pressures  transmitted  to  the  bulkhead  from  the 
unconsolidated  fluid  clay  backfill  behind  the  dike.  The  pressures 
against  the  bulkhead  were  no  greater  than  those  exerted  by  a back- 
fill composed  entirely  of  sand. 

"The  interposition  between  the  fluid  clay  backfill  and  the 
bulkhead  of  a vertical  sand  blanket  with  a width  equal  to  the  bulk- 
head height  was  found  to  be  just  as  effective  as  the  interposition 
of  a sand  dike.  When  the  width  of  the  blanket  was  equal  to  one- 
half  the  bulkhead  height,  it  was  only  approximately  one -half  as  ef- 
fective, and  it  was  completely  ineffective  when  its  width  was  equal 
to  one-tenth  of  the  bulkhead  height.  In  the  latter  case  the  lat- 
eral pressures  transmitted  to  the  bulkhead  from  the  unconsolidated 
clay  backfill  were  no  smaller  than  those  of  a fluid. 

"The  foregoing  statements  should  be  taken  only  as  indications 
of  order  of  dimension,  accurate  to  approximately  + 10  percent." 
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Soils  that  contain  appreciable  amounts  of  clay  are  subject  to  ex- 
cessive shrinkage.  During  dry  periods,  extensive  cracking  of  such  soils 
can  be  expected;  cracks  are  quite  apt  to  open  up  at  the  plane  of  contact 
between  a wall  and  the  backfill.  Such  cracks  may  extend  to  depths  of 
10  feet  or  more.  Where  such  walls  and  backfills  are  subject  to  overland 
flow,  the  minimum  lateral  pressure  for  which  the  wall  should  be  designed 
is  full  hydrostatic  pressure,  since  water  will  enter  the  crack  between 
the  wall  and  the  backfill  and  develop  full  hydrostatic  pressure  for  the 
depth  of  the  crack  before  the  soil  can  swell  to  its  original  volume  and 
slow  down  the  infiltration  of  water  at  the  surface  of  the  ground. 

The  following  references  are  good  sources  of  information  on  lateral 
earth  pressures: 

1.  "Soil  Mechanics  in  Engineering  Practice"  by  Karl  Terzaghi 

and  Ralph  B.  Peck;  published  by  John  Wiley  and  Sons. 

2.  "Fundamentals  of  Soil  Mechanics"  by  Donald  W.  Taylor; 

published  by  John  Wiley  and  Sons. 

3.  "The  Theory  and  Practice  of  Reinforced  Concrete"  by 

Clarence  W.  Dunham;  published  by  McGraw-Hill  Book  Co. 

2.2.3  Passive  Lateral  Earth  Pressure.  Passive  lateral  earth 
pressures  are  more  highly  indeterminate  than  active  pressures.  As  would 
be  expected,  less  research  has  been  done  on  them  than  on  active  pressures 
and  the  methods  of  evaluating  passive  pressure  are  more  directly  depend- 
ent upon  theoretical  mechanics  without  experimental  verification.  Hence, 
it  is  wise  to  be  conservative  in  the  use  and  evaluation  of  passive  resis- 
tance in  the  design  of  structures. 

Passive  resistance  of  the  earth  in  front  of  a retaining  wall  or  cut- 
off wall  under  a dam  is  sometimes  used  to  increase  the  factor  of  safety 
of  the  structure  against  sliding.  Such  practice  is  not  recommended,  but 
may  be  necessary  in  some  cases. 
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Coulomb's  equation  for  passive  pressure  is: 


P = 

P 2 


esc  G sin(G  + 0) 


JTi n(«-z)  -/sln^+z)sln(^- 

V sin(0  - 1) 


(6.2-4) 


It  is  conservative  and  customary  to  ignore  wall  friction  in  comput- 
ing passive  pressure.  Then  when  Z = 0 and  the  wall  is  vertical  (G  = 90° )> 
equation  (6.2-4)  reduces  to: 


wH2 

2 


COS2  0 


0 sin(0  + 
cos  i 


i) 


(6.2-5) 


When  Z = 0,  G = 90°>  and  the  earth  surface  is  level  (i 
tion  (6.2-4)  becomes: 

_ wH2  1 + sin  0 
P 2 1 — sin  0 

Table  6.2-2  gives  approximate  values  of  the  ratio  of  passive  lateral 
pressure  to  vertical  pressure  for  a range  of  soil  types  and  conditions. 
These  values  will  give  reasonable  values  of  passive  resistance  and  are  es- 
pecially useful  where  the  earth  surface  is  confined  by  the  apron  of  a dam 
or  where  it  carries  a surcharge. 

TABLE  6.2-2 


Type  of  Soil 

Ratio  of  Passive  Lateral 
Pressure  to  Vertical  Pressure 

Dry 

Saturated 

1.  Clean  sand,  gravel,  or 
sand-gravel  mixture 

4 

3 

2.  Well-graded  sand,  silt, 
and  clay  mixture 

3 

2 

3.  Sandy  clayey  silt 

2 

1 

4 . Clay 

2 

0 

Unless  the  structure  rests  on  a permeable  foundation  in  which  the 
water  table  is  several  feet  below  the  bottom  of  the  wall  or  cut-off  wall, 
the  saturated  condition  should  be  assumed  In  design. 

Probable  frost  depths  also  influence  the  selection  of  values  to  be 
used.  In  silty  clays,  and  clays  especially,  thaw  and  the  accompanying 
change  from  ice  to  water  will  soften  the  soil  and  reduce  its  resistance 
to  lateral  movement  to  almost  nothing.  Unless  the  soil  is  very  well 
drained,  the  passive  resistance  should  be  taken  as  zero  for  the  normal 
average  frost  depth. 


= 0),  equa- 

(6.2-6) 
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2.2.4  Loads  on  Underground  Conduits.  This  subject  is  espe- 
cially important  to  engineers  of  the  Soil  Conservation  Service  "because  of 
the  numerous  field  conditions  encountered  that  require  such  load  determi- 
nations. Drop  inlet  barrels,  inverted  siphons,  tile  drains  in  unusually 
deep  cuts,  and  culverts  are  examples  of  structures  that  are  subjected  to 
the  loads  discussed  below. 

Much  of  the  following  material  has  been  taken  from  a paper  by  Prof. 

M.  G.  Spangler  of  Iowa  State  College  entitled  "Underground  Conduits  - An 
Appraisal  of  Modern  Research"  which  was  published  as  Paper  No.  2337  of 
the  19^8  Transactions  of  the  American  Society  of  Civil  Engineers,  Vol. 

No.  113*  In  the  following  discussion  wherever  direct  quotations  are  made, 
they  are  from  the  above  paper  unless  specifically  designated  otherwise. 
Prof,  Spangler’s  equations  and  figures  have  been  re-numbered  to  conform 
to  the  system  herein. 

"Underground  conduits,  in  general,  may  be  divided  into  two  main 
classes  on  the  basis  of  construction  conditions  under  which  they  are 
installed,  that  is  (l)  ditch  conduits  and  (2)  projecting  conduits. 

(1)  'Ditch  conduits’  are  structures  installed  and  completely 
buried  in  narrow  ditches  in  relatively  passive  and  undisturbed  soi] 
Examples  of  this  class  of  conduits  are  sewers,  drains,  and  water 
mains  (see  fig.  6.2-7). 

(2)  'Projecting  conduits'  are  structures  installed  in  shallow 
bedding  with  the  top  of  the  conduit  projecting  above  the  surface 

of  the  natural  ground  and  then  covered  with  an  embankment,  as  shown 
in  fig.  6.2-7.  Railway  and  highway  culverts  are  good  illustrations 
of  this  class  of  conduits.  Conduits  installed  in  ditches  wider  than 
about  two  or  three  times  their  maximum  horizontal  breadth  may  also 
be  treated  as  projecting  conduits. 


Mature/  6 round  Surface ^ 
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Top  of  Cons  true  fed 
Enb  an  k men  f 
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Ditch  c/uff  in  undisturbed 
earth  and  bock  fitted 
with  re/afiueiy  ioose 
earth 
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(o)D/TCH  TYPE 


iVofurai  Ground* 
Surface 


(b ) PPOJECT/NG  TYPE 


FIG.  6.2-7 


Essential  Elements  of  Typical  Conduits 
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Ditch  Conduits 

"When  a conduit  is  placed  in  a ditch  not  wider  than  about  two 
or  three  times  its  outside  breadth  and  covered  with  earthy  the  back- 
fill will  tend  to  settle  downward.  This  downward  movement  or  tend- 
ency for  movement  of  the  soil  in  the  ditch  above  the  pipe  produces 
vertical  frictional  forces  or  shearing  stresses  along  the  sides  of 
the  ditch  whicfi  act  upward  on  the  prism  of  soil  within  the  ditch  and 
help  to  support  the  backfill  material.  Assuming  the  cohesion  be- 
tween the  backfill  material  and  the  sides  of  the  ditch  to  be  negli- 
gible, the  magnitude  of  these  vertical  shearing  stresses  is  equal  to 
the  active  lateral  pressure  exerted  by  the  earth  backfill  against 
the  sides  of  the  ditch  multiplied  by  the  tangent  of  the  angle  of 
friction  between  the  two  materials.  This  assumption  of  negligible 
cohesion  is  justified  because:  (a)  Even  when  the  ditch  is  dug  in 

and  backfilled  with  cohesive  material,  considerable  time  must  elapse 
before  effective  cohesion  between  the  backfill  material  and  the 
sides  of  the  ditch  can  develop  after  backfilling;  and  (b)  the  assump- 
tion of  no  cohesion  yields  the  maximum  probable  load  on  the  conduit . 
The  maximum  load  may  develop  at  any  time  during  the  life  of  the  con- 
duit due  to  heavy  rainfall  or  other  causes  which  may  eliminate  or 
greatly  reduce  cohesion  between  the  backfill  and  the  sides  of  the 
ditch." 

The  total  vertical  pressure  within  the  ditch  at  the  elevation  of  top 
of  conduit  is  given  by  the  following  equation: 


P = total  vertical  pressure  in  the  width  b^  at  the  top  of  the  con- 
duit in  pounds  per  linear  foot  of  conduit. 

7 = the  unit  weight  of  the  backfill  in  pounds  per  cubic  foot. 

b^  = breadth  or  width  of  the  ditch  or  trench  at  the  top  of  the 
conduit . 

e = 2.7183  = base  of  Naperian  logarithms. 


(6.2-7) 


where 


= ratio  of  active  lateral  pressure  to  (6.2-9) 

vertical  pressure  (from  Rankin e T s theory). 


(6.2-8) 


/j,'  - tangent  of  the  angle  of  sliding  friction  between  back- 
fill and  adjacent  earth. 


/jl  = tangent  of  the  angle  of  internal  friction  of  the  back- 
fill material. 
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"The  proportion  of  this  total  pressure  that  -will  he  carried  by 
the  conduit  will  depend  upon  the  relative  rigidity  of  the  conduit  and 
of  the  fill  material  between  the  sides  of  the  conduit  and  the  sides 
of  the  ditch.  In  the  case  of  very  rigid  pipes  such  as  burned  clay, 
concrete,  or  heavy  cast-iron  pipe,  the  side  fills  may  be  relatively 
compressible  and  the  pipe  itself  will  carry  practically  all  the  load, 
P.  On  the  other  hand,  if  the  pipe  is  a relatively  flexible,  thin- 
walled  pipe  and  the  side  fills  are  thoroughly  tamped  in  at  the  sides 
of  the  pipe,  the  stiffness  of  the  side  fills  may  approach  that  of 
the  conduit  and  the  load  on  the  structure  will  be  reduced  by  the 
amount  of  load  the  side  fills  are  capable  of  carrying. 

"For  the  case  of  rigid  ditch  conduits  with  relatively  compres- 
sible side  fills,  the  load  will  be: 

wc  = ed  r bd2  (6.2-10) 

"For  the  case  of  flexible  pipes  and  thoroughly  compacted  side 
fills  having  the  same  degree  of  stiffness  as  the  pipes,  the  load 
will  be: 

WC  = cd  7 *a  \ (6.2-11) 

in  which  Wc  is  the  total  load  on  the  conduit,  and 

-i 

Cd  = — — — (6.2-12) 

2 K ft 

The  solution  of  equation  (6.2-12)  is  facilitated  by  the  use  of  the 
curves  shown  on  drawing  ES-15  which  give  values  of  for  various  typical 
kinds  of  backfill  material. 

"The  width  of  ditch,  b^  , is  the  actual  width  of  a normal, 
parallel-sided  ditch.  In  case  the  ditch  is  constructed  with  sloping 
sides  or  the  conduit  is  placed  in  a subditch  at  the  bottom  of  a 
wider  trench,  experiments  have  shown  that  the  width  of  ditch  at  or 
slightly  below  the  top  of  the  pipe  is  the  proper  width  to  use  when 
determining  the  load. 

"These  ditch  conduit  formulas  (equations  6.2-10  and  6.2-11) 
with  proper  selection  of  the  physical  factors  involved  give  the  max- 
imum loads  to  which  any  particular  conduit  may  be  subjected  in  ser- 
vice. On  the  other  hand,  because  of  the  development  of  cohesion, 
any  particular  conduit  may  escape  the  maximum  load  for  a long  time, 
sometimes  until  its  removal  for  other  causes  than  load  failure.  Ex- 
periments and  field  observations  show  that  the  load  on  a conduit  at 
the  time  the  fill  is  completed  is  usually  less  than  it  will  be  at 
some  later  time.  This  condition  accounts  for  the  fact  that  sewers 
and  other  conduits  which  have  been  observed  to  be  structurally  sound 
immediately  upon  completion  are  sometimes  found  to  be  cracked  some 
months  or  years  later." 
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A sample  computation  of  follows:  Assume  K fz'  = 0.13,  and 

H + = 10,  then 


Cd  = 


1 - e‘2K  b^  2.  _ e-2  x 0.13  x 10 


2 K /z’ 


2 x 0.13 


1 - 


13  M 


0.2  6 


= 3.56 


This  value  checks  the  value  obtained  from  the  curve  on  drawing  ES-15 • 


Projecting  Conduits 

Drop  inlet  barrels  and  culverts,  as  usually  built,  are  examples  of 
projecting  conduits.  A thorough  treatment  of  loads  on  projecting  conduits 
requires  no  less  than  the  amount  of  discussion  devoted  to  it  by  Prof. 
Spangler  in  the  reference  given  previously.  A thorough  study  of  this 
technical  paper  is  recommended.  Since  space  does  not  permit  reproduction 
of  this  part  of  Prof.  Spangler's  discussion,  only  the  actual  working  pro- 
cedure necessary  for  the  solution  of  our  ordinary  problems  will  be  given 
below. 

Almost  all  of  the  projecting  conduits  encountered  in  the  work  of  the 
Soil  Conservation  Service  will  fall  inside  the  range  of  variables  indica- 
ted below. 

The  settlement  deflection  ratio,  will  vary  between  zero  (0)  and 
one  (l).  Values  recommended  for  use  are  given  in  drawing  ES-22. 

The  projection  ratio,  p , is  equal  to  the  distance  between  the  natu- 
ral ground  surface  and  the  top  of  the  conduit  divided  by  the  width  of  the 
conduit,  bc . For  economically  proportioned  conduits  this  value  will 
rarely  exceed  1.6  and  may  vary  from  zero  to  1.6. 

Hence,  the  product  may  vary  between  zero  and  1.6,  the  limits  in- 
dicated on  the  curve  on  drawing  ES-22. 

Values  of  K/z  will,  in  almost  all  cases,  lie  between  0.11  and  0.192, 
the  maximum  possible  value.  Fig.  6.2-8  shows  a plotting  of  K/z  as  the 
ordinate  against  ^ as  the  abscissa  with  corresponding  values  of  (f  - 
arc  tan  /n  . 

It  is  possible  for  values  of  YLfz  to  be  below  0.11,  but  not  probable. 
Only  in  case  of  a fully  saturated  soil  with  high  clay  content  would  such 
values  be  possible  and  these  circumstances  are  unusual.  Values  of  ft  (and 
hence  YLpi  ) can  be  determined  from  soil  shear  tests,  and  this  should  be 
done  on  important  work.  If  there  is  doubt  as  to  the  proper  value  of  K/u 
for  use  in  any  specific  case,  use  the  highest  probable  value.  It  is  ob- 
vious from  the  curves  in  drawing  ES-22  that  the  vertical  load  on  a conduit 
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O / 2 3 4 5 


Va/ues  of  Coefficient , Cu 


Curve 

Conditions  of  Appiicabi/ity 

Y 

A 

Minimum  for  granu/ar  materia  is 

OJ9Z4 

/oo. 

3 

Maximum  for  sand  and  grave/ 

O.iC  5 

no. 

C 

Maximum  for  saturated  top  soii 

O./50 

no. 

D 

Ordinary  maximum  for  day 

O.i  30 

/20. 

E 

Maximum  for  saturated  day 

O.iiO 

i35 . 

Wc  - ioad  on  conduit  in  its.  per  / inear  ft 

Hc  - height  of  back  fit/  above  top  of  conduit  in  ft. 

bc  - breadth  of  conduit  in  ft 

btf  = breadth  of  ditch  at  top  of  conduit  in  ft 

Y ' unit  weight  of  backfi/i  in  ibs.  per  cu.  ft 


Pi tch  Conduit 
Typical  Insta / /a  tion 


For  Rigid  Conduits 
Wc  = Cj  yb* 

For  F/exibie  Pipes  with 
Compacted  5/de  Fit  is 


Wc  = Cd  y bd  bc 

Example:  Find  ioad  per  ft 
on  standard  strength,  24 in. 
diam.  2/ccuiv.p/pe  /aid in  42 
in.  trench  under  22  ft.  of 
ordinary  c/ay  backfi/J. 


4- 


24 +(2*3) _ 


/2 


-2.50 ; Yd 20. 


bd*42+ (2= 3.50 1 tic  = 22.0 
Hc/bd  = 22+3.5 =0. 28  then 
from  curves  C&  = 3.  / 

wc*cd*r*bZ 

=3.  A 120*3.5**4560 /bs. 
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STRUCTURAL  DESIGN: 

LOADS  ON  RIGID  PROJECTING  CONDUITS 


Foundation  Materia/ 

Rock  or  other  unyie/ding  materia/ 
Dense  mixture  of  sand  and  grove/ 
O/acia/  ti//,  dense , we//  graded 
C/ay,  dense , conso/idoted,  firm 
Si//,  ioose  sand  or  other  yie/ding  so/ /s 
Very  soft , /oose , wet,  yie/ding  materia/ 

/.OO 

o.so 

0.70 

0.70 

0.50 

0.30 

Embankment  Materia/ 

EyLO 

Sand,  grave/,  or  we//  graded  sand,  s//t,  c/ay  mixture 
Sandy , c/ayey  si it  or  dry  c/ay 
C/ay,  permanent/ y wet 

C/ay  or  si/ty  c/ay,  permanent/y  saturated 

0.79 

0.77 

O.Z5 

0./3 
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STRUCTURAL  DESIGN:  DISTRIBUTION  OF  SURFACE  LOADS 

THROUGH  EARTH  FILL. 


Single  Concentrated  Load 


Two  Concentrated  Loads  - (overlapping  areas  of  influence) 


/.  When  H - 2.  ft  loads  shall  be  treated  as  concentrated  loads 
applied  directly  to  the  conduit. 

2.  Where  H > IO.  ft  wheel  loads  may  be  neglected. 

3.  When  H > 3 ft  neglect  effect  of  impact  from  moving  wheel  loads. 

4.  When  H - 3 ft  add  20 percent  to  wheel  loads  for  impact  effect. 

5.  In  unusual  cases  determine  pressures  from  Soussinesg  equations 
or  other  more  precise  methods.  — See  references  listed  below. 

Re  fere  nee  s : 

/.  "Fundamentals  of  Soil  Mechanics ” by  D.  W.  Taylor  - pages  250-266. 

2.  "The  Theory  and  Practice  of  Reinforced  Concrete"  by  C.  W.  Dunham,  p.207. 

3.  " Underground  Conduits  - An  Appraisal  of  Modern  Research  " by  M.  O. 
Spangler  in  Trans.  A.S.C.E.  Mol.  1 13  for  1943. 

4.  "Standard  Specifications  for  Highway  Bridges  * of  The  American 
Association  of  State  Highway  Off/cia  Is  - fifth  edition  1949  - page  143. 
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increases  -with  an  increase  in  K/u  . Hence,  to  "be  on  the  conservative  side, 
the  highest  probable  value  of  K fx  that  might  exist  during  the  life  of  the 
structure  should  be  used  in  computing  design  loads  that  will  produce  maxi- 
mum moments  and  shears  in  the  top  and  bottom  slabs  of  rectangular  conduits . 
(To  determine  maximum  shears  and  moments  in  the  side  walls  of  rectangular 
conduits,  the  vertical  and  horizontal  loads  should  be  determined  by  use  of 
the  lowest  probable  value  of  K//.)  For  circular  conduits,  if  in  doubt  as 
to  the  proper  value,  use  K/u  = 0.19.  A table  of  approximate  values  of  K/u 
for  different  soils  is  shown  on  drawing  ES-22. 


FIG.  6.2-8 

The  method  of  computing  C (see  drawing  ES-22)  used  herein  deviates 
slightly  from  the  correct  equations  given  by  Prof.  Spangler.  A small 
error  in  results  is  due  to  an  approximation  which  is  compatible  with  the 
inherent  lack  of  precision  in  estimating  design  values  of  & and  Kfi . 

Computation  procedure  and  the  use  of  drawing  ES-22  are  illustrated 
by  examples  given  below. 

Example  1 

Problem:  It  is  proposed  to  build  an  earth  dam  with  a culvert- 

type  spilJTay  as  a retarding  structure  for  upstream  flood  control.  Pre- 
liminary design  indicates  that  the  height  of  fill  above  the  top  of  the 
conduit,  Hc,  will  be  38  feet  and  that  a twin  5x5  ft  monolithic  reinforced 
concrete  conduit  is  required  to  provide  the  necessary  discharge  capacity. 
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Preliminary  structural  design  of  the  conduit  indicates  that  the  dividing 
wall  between  the  two  5x5  conduits  will  need  to  be  8 in.  wide,  that  the 
sidewalls  will  each  have  a width  of  9 in.  at  the  top  of  the  conduit,  and 
that  the  top  and  bottom  slabs  of  the  conduit  will  have  thicknesses  of 
about  15  and  l6  in.  respectively.  The  foundation  for  the  conduit  is  a 
glacial  till,  dense  and  well  graded  and  the  embankment  material  will  be 
a dense  (compacted)  well-graded  mixture  of  sand,  silt,  and  clay  with  a 
unit  weight,  J , of  152  lbs  per  cu  ft.  Since  it  is  necessary  to  excavate 
overburden  to  sound  foundation  for  both  the  earth  embankment  and  the  con- 
duit, the  conduit  will  project  above  the  excavated  grade  for  its  full 
height.  Find  the  maximum  load  on  top  of  the  conduit  per  foot  of  conduit 
length  and  the  average  load  intensity  in  lbs  per  sq  ft. 

Step  1.  Select  the  proper  value  of  ) from  the  table  on  draw- 
ing ES-22,  compute  the  projection  ratio,  p y and  then  compute  the  product 

hp » 

From  ES-22,  for  a foundation  material  of  dense,  well-graded  glacial 
till,  l = 0,70. 

The  projection  ratio,  p , equals  the  difference  in  elevation  between 
the  top  of  the  conduit  and  the  ground  line  divided  by  the  top  width  of  the 
conduit,  bc.  In  this  case  the  above  difference  in  elevation  is  equal  to 
the  height  of  the  conduit  = [(15  + l6)  4-  12]  + 5 = 7 ft,  and  the  top 

width  of  the  conduit,  bc,  = [(9+9+®)*  12]  + (2  x 5)  = 12.17  ft.  Then 

p = 7.58  4-  12.17  = 0.625,  and  &p  = 0.70  x 0.625  = 0.456. 

Step  2.  Select  a proper  value  t of  Kju  from  drawing  ES-22  for  the 
type  of  embankment  material  to  be  used.  The  highest  probable  value  of  K/u 
for  a compacted,  well-graded  mixture  of  sand,  silt,  and  clay  is  0.19. 

Step  5.  Compute  the  value  of  (Hc  4-  bc)  from  data  on  Hc  given 
in  the  problem  and  the  value  of  bc  computed  in  step  1.  (Hc  4-  bc ) = 

(58  4-  12.17)  = 5.12. 

Step  4.  From  the  "Curves  Used  to  Determine  Whether  Complete  or 
Incomplete  Projection  Conditions  Exist"  on  sheet  1 of  2 of  ES-22,  find  the 
proper  value  of  (He  4-  bc)  for  the  values  of  i p and  ¥L/u  determined  above 
and  compare  this  value  with  the  value  of  (Hc  4-  bc)  found  in  step  5»  If 
(Hc  4-  bc)  is  greater  than  (He  -f  bc),  the  incomplete  projection  condition 
exists;  and  if  (Hc  4-  bc)  is  equal  to  or  less  than  (He  4-  bc),  the  complete 
projection  condition  exists. 

In  our  present  example  for  ip  = 0.456  and  YL/u  = 0.19,  (He  * bc)  = 
I.58.  From  step  5 (Hc  4-  bc)  = 5 .12,  which  is  greater  than  1.58,  hence  an 
incomplete  projection  condition  exists. 

Step  5°  From  the  proper  curve  on  sheet  2 of  ES-22,  compute  the 
coefficient  Cc. 

In  this  example,  since  the  incomplete  projection  condition  exists, 
find  the  value  of  A from  the  curves  at  the  top  of  sheet  2 of  ES-22  and 
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compute  Cc  from  the  following  equation: 

Cc  = A (Hc  + bc)  - 1.22  bp  (6.2-13) 

If  the  complete  projection  condition  exists,  find  the  value  of  Cc 
directly  from  the  curves  at  the  bottom  of  sheet  2 of  ES-22. 

For  the  example  at  hand,  find  A = 1.69;  then  Cc  =(1.69  x 3*12) — 

(1.22  x OA36)  = 4.74. 

Step  6.  Compute  Wc  = load  per  linear  foot  of  conduit  from  the 
following  equation: 

wc  = Cc  /bc2  (6.2-14) 

In  this  case  Wc  = 4.74  x 132  x 12. 172  = 4.74  x I.32  x 102  x 1.48  x 
102  = 9.27  x 104  = 92,700  lbs. 

Next  compute  the  load  in  lbs  per  sq  ft  on  the  conduit  = Wc  -s-  bc  = 
(9.27  x 104)  -1-  12.17  = 0.762  x 104  = 7620  lbs  per  sq  ft. 

It  is  significant  that  the  ratio  of  the  actual  load  to  the  weight  of 
earth  above  the  top  of  the  conduit  = 7620  + (132  x 38)  = 1.52. 

Note:  If  the  final  structural  design  deviates  appreciably  from  the 

dimensions  used  in  the  load  determination,  revision  is  necessary. 

Example  2 

Problem:  Find  the  load  intensity  in  lbs  per  sq  ft  on  top  of 

the  conduit  of  example  1 when  Hc  = 10  ft.  Assume  that  conduit  dimensions, 
foundation  conditions,  and  embankment  are  the  same  as  in  example  1. 

Step  1.  From  example  1,  bc  = 12.17  ft  and  bp  = O.436. 

Step  2 . From  example  1,  YL/u  = 0.19. 

Step  3.  Hc  -s-  bc  = 10  - 12.17  = 0.823. 

Step  4.  From  example  1,  He  + bc  = I.38  for  K fx  - 0.19  and 
bp  = O.436.  Since  (Hc  -s-  bc)  = 0.823  (from  step  3)  is  less  than  (He  + bc) 

= I.38,  the  complete  projection  condition  exists. 

Step  5.  Since  a complete  projection  condition  exists,  find  Cc 
directly  from  the  curves  at  the  bottom  of  sheet  2 of  ES-22.  For  Hc  + bc 
= 0.823  and  K/u  = 0.19,  Cc  = O.97. 

Step  6.  Wc  = Cc  7 bc2  = 0.97  x 132  x 12. 172  = 0.97  x 1.32  x 
102  x 1.48  x 102  = 1.895  x 104  = 18,950  lbs.  W„  * b = 18,950  -s-  12.17  = 
1560  psf . 

The  ratio  of  load  to  weight  of  earth  above  the  conduit  = 1560  + 

(132  x 10)  = 1.18. 
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Negative  Projecting  Conduits 

Negative  projecting  conduits  are  constructed  in  a narrow  trench  as 
shown  in  fig.  6.2-9*  They  differ  from  ditch  conduits  in  that  the  embank- 
ment extends  above  the  top  of  the  ditch  (natural  ground  line)  for  a dis- 
tance which  is  considerably  greater  than  the  distance  from  the  top  of  the 
conduit  to  the  top  of  the  ditch. 


The  mathematical  theory  for  this  condition  has  not  been  published. 

If  the  backfill  between  the  top  of  the  conduit  and  the  natural  ground 
line  were  filled  with  loosely  placed  material,  the  loads  on  the  conduit 
would  probably  be  less  than  on  a normal  projecting  conduit  with  equal  fill 
height.  If  the  backfill  in  the  ditch  (as  indicated  above)  were  compacted 
to  equal  or  greater  density  than  the  adjacent  natural  ground,  the  loads 
on  the  conduit  would  probably  approach  the  loads  on  a fully  projecting 
conduit . 

Since  the  theory  is  not  available  for  this  load  condition,  and  since 
dam  construction  methods  do  not  permit  the  placement  of  loose  fill  around 
or  above  the  conduit  (because  of  seepage  and  possible  piping  failure),  it 
is  recommended  that  conduits  installed  in  the  negative  projection  condi- 
tion be  designed  as  projection  conduits  with  a positive  projection  ratio 
of  0.8. 

It  is  difficult  to  see  how  a conduit  could  be  safely  installed  in  an 
earth  dam  embankment  as  a negative  projecting  conduit,  since  all  of  the 
backfill  would  have  to  be  thoroughly  compacted. 


Top  of  Embankment 


Typ/ca/  Neyof/ye 
Project /ny  Conduit 

FIG.  6.2-9 
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Distribution  of  Loads.  The  total  earth  fill  load  per  longitudinal 
foot  of  conduit,  Wc,  may  he  assumed  to  he  uniformly  distributed  in  the 
transverse  direction  over  the  width  of  the  conduit,  bc.  Hence,  the  load 
in  lbs  per  sq  ft  on  the  conduit  is  equal  to  Wc  -5-  bc.  For  circular  or 
elliptical  conduits  a slightly  more  accurate  and  conservative  assumption 
is  that  the  load  will  be  uniformly  distributed  over  the  width  of  the  con- 
duit subtended  by  an  angle  of  120  degrees  symmetrical  about  the  vertical 
axis  of  the  conduit. 


Surface  Loads . The  following  method  of  computing  the  effect  of  sur- 
face loads  on  underground  conduits  is  an  approximation.  More  accurate 
methods  based  on  the  Boussinesq  equations  are  available,  but  their  appli- 
cation is  somewhat  tedious  and  the  added  refinement  will  not  compensate 
for  the  cost  of  applying  the  method  on  most  of  our  work. 


A single  concentrated  load  applied  directly  to  the  earth  fill  surface 
is  assumed  to  produce  a uniform  intensity  of  pressure  at  a distance  H 
below  the  fill  surface  on  a square  area  of  influence  whose  side  dimension 
is  1 . 75H . When  two  or  more  equal  concentrated  loads  are  so  located  on  a 
horizontal  fill  surface  that  their  areas  of  influence  overlap  for  a given 
value  of  H,  the  intensity  of  pressure  shall  be  determined  by  dividing  the 
total  of  such  loads  by  the  area  contained  within  the  outside  boundary  of 
their  combined  areas  of  influence.  These  conditions  are  illustrated  in 
drawing  ES-25. 


The  specifications  of  the  American  Association  of  State  Highway  Of- 
ficials, fifth  edition,  may  be  used  where  applicable  instead  of  the  above. 


2.2.5  Highway  Loads . The  latest  edition  (19^9)  of  the  "Stan- 
dard Specifications  for  Highway  Bridges”  of  the  American  Association  of 
State  Highway  Officials  provides  thoroughly  tried  and  tested  load  assump- 
tions for  highways.  These  specifications  should  be  accepted  as  standard 
and  used  unless  the  specifications  of  the  highway  agency  having  jurisdic- 
tion over  the  project  being  designed  require  more  conservative  design 
assumptions . 


2.2.6  Wind  Loads.  The  usual  structures  designed  and  built  by 
the  Soil  Conservation  Service  are  not  materially  affected  by  wind;  and 
where  wind  loads  are  significant,  ordinary  methods  of  load  determination 
are  adequate. 


Such  methods  are  based  on  the  assumption  that  the  wind  direction  is 
parallel  to  the  earth’s  surface.  The  intensity  of  pressure  on  a vertical 
surface  normal  to  the  wind  is  given  by  the  following  equation: 

p = KV2  (6.2-15) 

where 


p = pressure  on  a vertical  flat  surface  normal  to  wind 
direction  in  pounds  per  square  foot  (psf ) . 

K = a shape  factor  coefficient. 

V = wind  velocity  in  miles  per  hour. 


6.2-25 


Values  of  K vary  over  a range  from  0.002  to  0.006  depending  upon  the 
shape  of  the  tody.  A design  value  commonly  used  is  K = 0.003.  Assuming 
a wind  velocity  of  100  miles  per  hour  and  K = 0.005,  p equals  30  psf, 
which  is  another  commonly  used  design  value. 


For  surfaces  that  are  inclined  to  the  wind  direction,  the  intensity 
of  normal  pressure  is  given  with  satisfactory  accuracy  ty  Duchemin's 
equation  which  follows: 


2 sin  £ 

p = p ■ 

n 1 + sin2  O 


(6.2-16) 


where 

pn  = normal  unit  pressure  on  inclined  surface  in  psf. 

p = pressure  on  flat  vertical  surface  normal  to  wind  direction 
in  psf  from  equation  (6.2-15). 

O = angle  between  the  horizontal  and  the  inclined  surface. 

For  example:  Assume  a design  value  for  p = 30  psf.  Then  the  normal  pres- 

sure on  a roof  having  a rise  of  10  feet  in  a 40-foot  span  is  computed  as 
follows:  O = arc  tan  0.5|  sin  O = 0.44-7 

p = 30  = 22.4  psf. 

G 1 + (0.447)2 

An  excellent  discussion  of  this  general  subject  is  contained  in  an 
article  entitled  "Wind  Pressure  on  Structures"  by  Mr.  George  E.  Howe, 
which  was  published  in  the  March  1$)40  issue  of  Civil  Engineerin'  Vol.  10, 
No.  3.  This  reference  contains  an  extensive  bibliography  on  th  J subject. 

2.2.7  Snow  Loads.  Snow  loads,  including  sleet  (ice),  act  ver- 
tically and  their  magnitude  is  a function  of  the  wind  velocity,  geographic 
location  of  the  structure,  slope  of  the  loaded  surface,  and  other  factors. 
Snow  loads  vary  from  zero  to  30  psf  or  more  depending  upon  the  above  fac- 
tors. Where  sleet  is  probable,  a design  load  of  10  psf  is  often  assumed 
to  provide  for  its  effect  on  the  structure. 

Since  there  are  relatively  few  design  situations  in  our  work  that  re- 
quire consideration  of  snow  and  ice  loads,  you  are  referred  to  standard 
handbooks  and  other  available  references  for  additional  data. 

2.2.8  Ice  Pressures.  Ice  pressures  used  in  the  design  of  dams 
have  ranged  from  zero  to  about  50*000  lbs  per  lin  ft.  The  problem  is 
highly  indeterminate  and  recommendations  vary  over  a wide  range . 

Ice  pressure  depends  upon  (l)  thickness  of  the  ice  sheet,  (2)  rate 
and  range  of  change  in  ice  temperature  which  is  not  directly  correlated  or 
equal  to  air  temperature,  (3)  the  temperature  gradient  through  the  ice 
sheet,  (4)  the  degree  of  confinement  of  the  ice  sheet  at  its  boundaries, 
and  (5)  other  factors.  One  of  the  most  recent  discussions  of  this  subject 
is  found  in  a paper  entitled  "Thrust  Exerted  by  Expanding  Ice  Sheet"  by 
Edwin  Rose,  Esq.  in  the  Transactions  of  the  American  Society  of  Civil  En- 
gineers, Vol.  112,  page  871,  which  contains  a bibliography  on  this  subject. 


Most  structures  designed  or  "built  "by  the  Soil  Conservation  Service 
are  not  subject  to  damaging  ice  pressures  for  several  reasons.  If  damage 
or  excessive  load  from  freezing  ice  is  anticipated,  careful  consideration 
should  he  given  to  possible  changes  in  layout  and  design  to  avoid  such 
damaging  loads.  Such  changes  can  often  he  made  with  less  increase  in  cost 
than  would  he  involved  in  designing  to  withstand  the  possible  ice  pressure. 
Earth  fill  berms  at  normal  pool  elevation  may  he  designed  to  hold  the  water 
surface  away  from  reinforced  concrete  drop  spillways,  drop  inlets,  chutes, 
trash  racks,  and  other  structural  elements  that  might  otherwise  he  sub- 
jected to  ice  pressure;  ice  pressures  have  no  significant  effect  on  earth 
embankments  principally  because  of  the  ability  of  the  earth  to  yield  with- 
out damage  and  because  of  the  sloping  surface  of  contact  between  the  earth 
and  the  ice  which  limits  the  normal  pressure  to  that  required  to  overcome 
frictional  resistance. 

Mr.  Clarence  W.  Dunham,  in  his  book  "The  Theory  and  Practice  of  Rein- 
forced Concrete" , recommends  a load  of  700  lbs  per  lin  ft  of  retaining 
wall  applied  at  the  earth  surface  to  provide  for  frost  (ice)  pressure  where 
poor  surface  drainage  exists  and  there  is  a probability  of  ice  formation 
in  the  upper  layers  of  the  soil  profile.  This  recommendation  emphasizes 
the  necessity  for,  and  advantages  of  good  surface  drainage  and  good  inter- 
nal drainage  of  the  soil  profile,  conditions  under  which  the  above  load 
need  not  be  considered.  Please  refer  to  the  discussion  on  the  effect  of 
drainage  on  active  lateral  earth  pressures  in  part  2.2.2  of  this  section  of 
the  handbook. 


6.3-1 


3.  Design  and  Analysis 

Experience  and  judgment  are  the  foundation  of  all  structural  design 
which  is  basically  a cut-and-try  process.  The  first  trial  or  preliminary 
design  may  he  close  to  the  final  or  far  away,  depending  upon  the  ability 
of  the  designer  to  estimate  (from  experience  and  judgment)  the  sizes  and 
proportions  of  the  various  structural  elements . The  final  step  in  the 
design  process  is  to  check  the  design  in  all  of  its  elements  by  an  analy- 
sis of  the  structure  to  be  certain  that  it  will  resist  the  loads  that 
come  to  it  without  exceeding  the  permissible  stresses.  The  designer's 
goal  is  to  produce  plans  for  an  adequate,  safe,  and  economical  structure; 
analysis  is  but  one  step  in  the  process  and  is  important  only  as  a check 
on  the  designer's  judgment. 

3«1  Fundamental  Requirements.  A structural  designer  must  meet  cer- 
tain basic  requirements  of  experience,  knowledge,  and  ability.  His  value 
as  a designer  will  increase  as  his  experience  grows;  experience  is  gained 
both  from  doing  and  from  reading  about  what  others  have  done . 

The  basic  principles  of  structural  analysis  are  relatively  few  in 
number  and,  with  a few  exceptions,  are  relatively  simple.  The  structural 
designer  must  have  a thorough,  clear,  and  complete  knowledge  and  concep- 
tion of  equilibrium;  force;  moment;  couple;  the  basic  laws  and  proposi- 
tions regarding  the  composition  and  resolution  of  forces,  moments,  and 
couples;  the  laws  of  statics;  and  the  geometry  of  continuous  frames.  The 
basic  theory  is  simple;  the  difficulties  arise  in  applying  the  principles 
to  the  many  types  of  structures  and  loading  conditions  encountered.  It 
is  important  to  realize  that  unless  the  basic  principles  are  thoroughly 
understood,  their  application  to  actual  structures  can  be  exceedingly 
difficult  and  often  erroneous.  Frequent  review  of  good  texts  on  analyt- 
ical mechanics  and  structural  theory  will  help  fix  these  principles  in 
the  mind. 

The  equations  of  statics  are  so  important  that  they  are  listed  below 
for  emphasis.  For  planar  structures  they  are: 

2H  = 0 (6.3-1) 

2V  = 0 (6.3-2) 

2M  = 0 (6.3-3) 

In  words,  these  equations  say  that  for  a body  to  be  in  equilibrium, 

(l)  the  algebraic  sum  of  the  horizontal  components  of  all  forces  acting 
on  the  body  must  equal  zero;  (2)  the  algebraic  sum  of  the  vertical  com- 
ponents of  all  forces  acting  on  the  body  must  equal  zero;  and  (3)  the  al- 
gebraic sum  of  the  moments  of  all  the  forces  acting  on  the  body  about  any 
point  in  the  plane  of  the  forces  must  equal  zero.  These  equations  are 
necessary  and  sufficient  for  the  solution  of  any  statically  determinate 
planar  structure. 

Free  Body  Diagrams . One  of  the  most  powerful  tools  of  structural 
analysis  is  the  free  body  diagram.  A good  designer  will  develop  skill  in 
their  preparation  and  use;  he  will  know  and  be  able  to  apply  the  following 
steps : 


1.  Isolate  a portion  of  the  structure  "by  passing  a section  (not 
necessarily  straight)  that  cuts  the  member  or  members  in  which  unknown 
forces  or  stresses  are  to  be  found. 

2.  Draw  the  free  body  diagram  and  show  carefully  all  of  the  forces 
both  internal  and  external  acting  on  this  free  body. 

3.  Compute  the  unknown  forces  from  the  equations  of  statics. 

Free  body  diagrams  are  also  of  value  in  the  determination  of  the 
correct  sense  of  shears,  moments,  rotations,  and  deflections;  they  give 
credence  to  the  proverb  that  "a  picture  is  worth  1000  words.” 

The  use  of  free  body  diagrams  will  be  illustrated  numerous  times 
in  other  sections  of  this  handbook  that  deal  with  the  design  of  specific 
structures . 

A designer’s  analytical  ability  can  be  lost  through  slovenly  design 
notes  and  inadequate,  sloppy  engineering  drawings.  After  a designer  knows 
the  fundamentals  and  how  to  apply  them  to  specific  problems,  he  must  pre- 
sent his  ideas  in  clear,  neat,  complete  design  notes  and  good  drawings, 
or  his  effort  and  ability  will  not  be  recognized  and  appreciated.  Anyone 
who  has  attempted  to  check  a poorly  prepared  set  of  design  notes  or  a 
carelessly  prepared  drawing  will  agree  with  the  above  comment.  The  refer- 
ence value  of  cold,  inadequately  recorded  engineering  work  is  almost  nil. 

3.2  Shear  and  Moment  Curves.  Any  of  the  modern  textbooks  on  ele- 
mentary structural  theory  and  many  books  on  strength  of  materials  contain 
thorough  discussions  on  the  preparation  of  shear  and  moment  curves  and  on 
the  interrelationships  between  load,  shear,  and  moment. 

To  aid  in  the  computations  involved  in  such  work,  several  drawings 
have  been  prepared  and  included  herein.  Use  of  these  drawings  will  facili 
tate  the  preparation  of  shear  and  moment  curves  on  many  of  the  cantilevers 
beams,  slabs,  and  rectangular  frames  encountered  in  soil  conservation  en- 
gineering. Your  attention  is  especially  directed  to  drawing  ES-^,  "Shear 
and  Moments  for  Trapezoidal  Load  on  Cantilever."  The  data  contained  in 
the  three  sheets  of  this  drawing  has  found  increasing  use  over  the  past 
8 to  10  years  since  its  original  preparation. 

Use  of  the  following  drawings  will  be  illustrated 
of  this  handbook. 
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STRUCTURAL  DESIGN  = SHEAR  AND  MOMENTS  FOR 
TRAPEZOIDAL  LOAD  ON  CANTILEVER 
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Cons/der  one  foot  shoe  of  canf//ever. 

h = dept/?  of  weir,  height-  of  surcharge,  etc.  /n  ft. 

M - moment  / nft.-/b . f for  one  foot  s/ tee), 
p = press u re  of  depth  y /n  /h.  per  sg.ft. 

5 - shear  /n  /b.  ( for  one  foot  s//ce) 

2d  - weight  of  egu/ i/a/ent  f/o/d  in  /b.  per  cu.  ft. 
y = vert /cat  d/s  tance  from  fop  to  any  po/nf  /n  ft 
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M x - P(^~o)k } when  kJ<  aj  Mx  =Pa( / ~k)  when  kJ  > a 

Mmax  s 
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STRUCTURAL  DESIGN  * SIMPLE  BEAM  MOMENTS  FOR 

TRAPEZOIDAL  LOAD 


mx  = mu‘*£*-d(e:  + c) 

where  C=  D=k( /-k*),  E = /j-k 
M max.  when  k = z ['!+  ]pLEpI±J J 

NOTE:  Ordinarily  if  is  not  necessary  to  compute 
the  maximum  moment  it  con  usual iy  be 
determined  from  the  moment  diagram 
with  sufficient  occur  a cy.  The  maximum 
moment  will  occur  between  k =0.500 
and  k*  0.577 

2 


k 

D 

E 

0./ 

0.099 

2.727 

0.2 

0.192 

2.500 

0.3 

0.273 

2.308 

0.4 

0.336 

2.143 

0.5 

0.375 

2.000 

0.6 

0.384 

1.875 

0.7 

0.357 

1.765 

0.8 

0.288 

1.666 

0.9 

0.17/ 

1.579 

X = kX 1 

ho,  ? -r-r 

UlIL 

vA  = f(3y,  + fc) 


ft,  = Load 
per  unit 
length 


k=  0 0.1  0.2  03  0.4  0.5  0.6  0.7  0.8  0.9  1.0 

MOMENT  DIAGRAM 
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STRUCTURAL  DESIGN:  SIMPLE  BEAM  MOMENTS  FOR 

TRIANGULAR  LOAD 

Mx  --Mk£  --  '/6  fl2(k-k3)  --  % WJ?  (k-k3) 

C--'/5(k-k3) 

--  CW4 


M is  maximum  when  k -0.577 

k - vmj  -■  wr/3  -^) 


MOMENT  DIAGRAM 
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STRUCTURAL  DESIGN:  FIXED  ENDED  BEAM  MOMENTS  FOR 
CONCENTRATED  LOAD,  UNIFORMLY  DISTRIBUTED  LOAD,  AND 
HYDROSTATIC  LOAD  . ON  PRISMATIC  BEAMS 


CONCEN T£ A TED  LOAD 


x*  kl 

P 

* 

Zl 

IO-z) 

I 

Load  Diagram 


UNIFORMLY  D/STR/&UTED  LOAD 


x*kl  _ 

W=gl 

iiiiiiimmmiiiiiii 

III 

^ « load  pier  foot 

I 

.1 

Load  Diagram 

1 

HYDROSTATIC  LOAD 


L oad  Q joqrom 


pO-ifO+z*) 


w 


<-j 


P*'(3-2i) 


Shear  Diagram 


Shear  Diagram 


Moment  at  any  Point  kl  from  A 
For  O ~ k -z 
M%*  Mkg  - (i-z)(k+2zk-w)PI 

For  z ^ k * / 

MfMkg  •Z*C2zk-z+2-3k)PI 
Maximum  Positive  Moment  Ck*t) 
Mu  *2e2(i-z)2  PI 


'fowl 


'fowl 


Simple  Beam  Coefficients 
at  tenth  points  in  M*CWX 

Moment  Diagram 


Shear  at  any  Point  kl  fbom  A 

Moment  at  any  Point  kl  from  A 
M„  « Mk£  » '/J2(6k-6k2-/)WI 

Maximum  Positive  Moment  ( k-  '/2) 

*'/u  WI 


kl>asnl  , 


Simple  Beam  Coefficients 
at  tenth  points  m M-*CHfI 

Moment  Dioqram 


Shear  at  any  Point  kl  from  A 
Vk  ‘ VkJ  --  '/„(3-!0k2) W 

Moment  at  any  Point  k I from 

Mt  --  MkJ  = '4o(9k  - 2 -/Ok  V WI 

Max/ mv m Positive  Moment  (k*Q5477) 
"eseiU  - O.Q429WI 


Fixed  End  Moments  (Negative) 

m/6*  2 (/-e)zpi 
M^--  Et(t-E)PI 


Fixed  Bnd  Moments  (Negative) 

M^Mtf'hWI 


Fixed  End  Moments  f Negative) 
Mur  '4  s wi 
M£a-  Vo*-* 


s'-o 


EXAMPLE 


** 


Shear  in  Kips 


O 

an 

0.21 

0.31 

$3  3/ 

0.41 

a si 

0.61 

0.71 

081 

0.91 

I 

Cone  Load 

+ 74! 

t7.4l 

+7.41 

+741 

-t-s's 

-2.59 

-2.59 

-239 

-259 

-259 

-259 

-259 

U-L^iO-  2k)Wu 

+ 150 

+6LOO 

+450 

+300 

+250 

+1.50 

O 

-1.50 

-3.00 

-450 

-600 

-730 

HL*'//o(3-/oi)W* 

+3.38 

+326 

+232 

+236 

+2J3 

+L58 

+056 

-068 

-2/4 

-333 

-5.74 

-787 

Total 

+18.29 

+16.67 

+1483 

1 12.77 

HIM 

*2,04 

1 049 

-233 

-477 

-7.73 

-10.92 

-/4.33 

-17.96 

Fixed  End  Moments 


Cone.  Load-  MA  - Z(/~  Z)2 PI  - 0.333(0.667)Z/0.x/5  - 22.22  ft.  kips 

Unif.  Load-  MA  = '//tWuI  - * /5.  - 18.15  ft.  kips 

Hyd.  Load-  MA  - '//sWHl  = y,Sxl/.25x  15.  = II. 2 5 ft.  kips 

Total  M^=  52.22  ft  kips 

Cone.  Load-  Mg-  z*C/-e)PJ  = (033^(0667)10*15  = II.  1 1 ft  kips 
Unif.  Load- Ma  * HI,./  - '/it*  15*15  - 18.75  ft  kips 

Hyd.  Load -MB  = '//0  WHI  • '/lo*  11.25*15  « !6.8  7 ft  kips 

Total  Mgp-  46.73  ft  kips 


O 

0.1 1 

0.2/ 

031 

$33/ 

0.4/ 

05/ 

0.6/ 

0.7/ 

06/ 

09/ 

I 

Cone  Load 

0 

10.00 

2000 
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3533 

3000 

25.00 
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15/10 

iOOO 

5.00 

O 

U.L  -CuW0I 

O 

10.13 

18,00 

2333 

2500 

2700 

28.13 

27.00 

23,63 

18.00 

10.13 

O 

H.L-ChWhI 

o 

557 

1080 

1536 

16.6  7 

16.90 

ZUO 

21.60 

20.10 

16.20 

9.62 

O 

Total 

o 

25.70 

4830 

68.99 

7500 

7 5.90 

7423 

68.60 

58.73 

4420 

24.75 

o 

Moment  Diagram 


* See  ES-I,  ES-2,  and  ES-25 

♦ ♦ The  Uniform  load  and  Hydrostatic  load  can  be  combined  and ES-3 vsed 
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STRUCTURAL  DESIGN:  FIXED  ENDED  BEAM  MOMENTS  FOR 
PARTIAL  UNIFORMLY  DISTRIBUTED  LOAD—  PRISMATIC  BEAMS 


a - load  per  foot 
r 


Fjxed  End  Moments 
M/a  = ^2£e(6-Sz^3zz)W 
M^y/2£tz(4-  3z)W 

Simple  Beam  Reactions 
Vjt*  '/z  Wfz-z) 


*6 


'/2  w* 


Fixed  End  Reactions 

*:-v:.es*  l-^dk> 

*!•  *'■*/  - 

Sample  Beam  Moment^  at  C 
**?• 


*i  (*-*£) 


Plotting  Moment  Diagram 
/ Plot  Mi  at  C 

2.  Plot  simp/e  beam  moment  di agram 
for  span  (zJ)  and  food  (id)  vertically 

above  line  AC  (See  ES  -/) 

3.  P/ot  Mi  of  A 

4.  Plot  M*mof  & 


A 


a * load  per  foot 
W - g(zJ.~a£) 

c 


ax 


W 


t/ 


>3 


l pad  Diagram 


:b3^— 


Fixed  End  Moments 

-8z+32t)qB/-cffa-8a+3az)f  &] 

Simple  Beam  Re  actions 

*v%  = '/zw(2-a-E) 

Fixed  End  Reactions 


. , . (mL-  mL) 

Ra'va^Ra  + 


Moment  Diagram 


Simple  Beam  Moments  at  C 4 D 

Mi  --Rsb  (£-*£) 

Mi  - Si  (al) 

Plotting  Moment  Diagram 
t Plot  Mi  atC 

2.  Plot  M§  at  D 

3.  Plot  simp/e  beam  moment  diagram 
for  span  (t£-a£)  and  load  ( W) 
vertically  above  line  CD  (See  ES-/) 

4.  Plot  Mi*  at  A 

5.  P/ot  MQ  at  & 
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STRUCTURAL  DESIGN:  MOMENTS  IN  SINGLE  BARREL 


As  sumptions  - 

/ - Loads  and  frame  are 
symmetry cat  about 
center  //ne  of  frame. 

2 - The  ana/ysis  is  based 
on  center  Line  dimen- 
sions. 

3 - The  effect  of  sma/i 
fiiiets  is  neg/ected. 


H*h+ts 
L = £ + ti 


w 


ii  = r - /2k)  - hL 

Kw  C \fj  L 


P = 


Wi 

c 


(C  + 2)z-i 


-p(Vt +<?Va) 

Mjc  = O 

Mob  ^ = ° 

Sign  convention  - A moment  acting  in  a c/ockwi se 
di rection  on  o Joint  is  posi  tive. 

r?) 


f = C + 2 

Uo  --  MTb  +KFd 

Uc  cd  f ^cb 


Caution:  Use  proper  sign  of  fixed  end  moments 
when  substituting  them  in  the  given  eguof/ons. 
A/omenc/ature : 

Ma^  = Moment  at  end  "a  "of  member  "ab  " 

- Fixed  end  moment  at  end  "a"  of  member  "ab 
L/£  = A/gebraic  sum  of  fixed  end  moments  at  a - 
unbo/anced  fixed  end  moment  of  a . 

= Stiffness  of  wa//. 

K $ - Stiffness  of  siob. 
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STRUCTURAL  DESIGN:  MOMENTS  IN  DOUBLE  BARREL 


Kb  --  Kb  + 2 m (Uf  -n  (j/ ) 

Mba  ~-Mha  + m ( U/~n ^a) 

Kf  -Mef  + m (Uf  ~nUf) 
Ke  s Ke  + 2m  (Ua  ~n  Of) 
Mot>  Mfa 


Mb.  --  M. 


eb 


=o. 


Sign  Convention  - A moment 
acting  in  a c/ockwi  se 
direction  on  a joint  is 
positive. 


#n 


Couf/ on : Use  proper  sign 
of  fixed  end  moments 
when  substi fating  them 
in  the  given  equations . 


Assumptions : 

/.  - Loads  and  frame  are 
symmetrica/  about 
center  fine  of  frame. 

2.  - The  analysis  is  based 
on  center  line  dimen- 
sions. 

3.  - The  effect  of  sma/i 
fillets  is  neglected. 


H = h + t$ 

t t 

L=  £ + U + IS. 

Z Z 


K, 


s . 


K, 


= c-- 


nv 


m - 


4fc  + /)z-/ 

n = Z(C  t/) 

u/-M/a  +M/e 

uH-MaFb  i-M/f 

Nomencia  fare : 

Moment  of  end  "a  “of 
member  "ab  " 

' fixed  end  moment  at 
end  “a  “of  member  “ab 
Ua  r A/gebraic  sum  of  fixed 
end  moments  of  joint  a 5 
unbalanced  fixed  end 
moment  at  a . 

- Stiffness  of  waii. 

- Stiffness  of  s/ab. 


K, 
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STRUCTURAL  DESIGN  : Cartesian  grid  point  designation  system, 
positive  sign  convention,  symbols  and  nomenclature 
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CARTESIAN  GRID  POINT  DESIGNATION  SYSTEM 
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SYMBOLS  AND  NOMENCLATURE 

= vertical  dimension  of 
fixed  slab,  ft 

= horizontal  dimension  of 
fixed  slab,  ft 

= vertical  moment,  lb  ft/ft 

= horizontal  moment, 
lb  ft/ft 


= intensify 
lb  s/ft* 


of  pressure, 


w 


= shearing  reactions  per 

unit  length  acting  nor- 
mal to  the  plane  of  the 
slab,  lbs/ft 

= weight,  lbs /ft3 


+X 


POSITIVE  SIGN  CONVENTION 


x, y = rectangular  coordinates 
in  the  plane  of  the 
slab 

/////  - fixed  edge 
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STRUCTURAL  DESIGN:  Rectangular  slabs  with  hydrostatic 

load;  coefficients  for  horizontal  moment,  My,  at  tenth 
points  on  horizontal  slice  x=0.8a 


Horizontal  moment  determines  tension  in  horizontal  steel 
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STRUCTURAL  DESIGN  : Rectangular  slabs  with  2/3  hydrostatic 
load ; coefficients  for  horizontal  moment,  at  tenth  points 

on  horizontal  slice  x = 0 


Horizontal  moment  determines  tension  in  horizontal  steel 
My  = [Moment  coefficiently  pa2 
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[Moment  coef f icienfjy  along  section 


STRUCTURAL  DESIGN  I Rectangular  slabs  with  2/3  hydrostatic 
load;  coefficients  for  horizontal  moment,  My,  at  tenth  points 
on  horizontal  slice  x = 0,0a 
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STRUCTURAL  DESIGN  : Rectangular  slabs  with  '/3  hydrostatic 
load ; coefficients  for  vertical  moment,  Mx,  at  fifth  points 

on  vertical  slice  y = - Q-5b 

Vertical  moment  determines  tension  in  vertical  steel 
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STRUCTURAL  DESIGN : Rectangular  slabs  with  '/3  hydrostatic  load; 
coefficients  for  shear  at  tenth  points  on  fixed  bottom  edge 
x = a 
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Shear  = [Shear  coefficient]  pa 
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ENGINEERING  DIVISION  - DESIGN  SECTION 


[Moment  coefficient)*  along  section  y 


STRUCTURAL  DESIGN  : Rectangular  slabs  with  uniform  load; 
coefficients  for  vertical  moment,  Mx,  at  fifth  points  on 
vertical  slice  y = ± 0.3b 


Vertical  moment  determines  tension  in  vertical  steel 
Mx- [Moment  coefficient]  x pa£ 
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STRUCTURAL  DESIGN : Rectangular  slabs  with  ^3  uniform  load; 
coefficients  for  horizontal  moment,  My,  at  tenth  points  on 
horizontal  slice  x = a 

Horizontal  moment  determines  tension  in  horizontal  steel 
My  = [Moment  coefficients  pa2 


Moment  coefficiently  along  section 


STRUCTURAL  DESIGN  : Rectangular  slabs  with  ^uniform  load; 
coefficients  for  shear  at  tenth  points  on  fixed  bottom  edge 

x = a 
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Shear=  [Shear  coefficient  pa 
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STRUCTURAL  DESIGN  : DESIGN  EXAMPLE  ; 

Dimensions  and  design  goods 

DESIGN  EXAMPLE 

This  is  strictly  an  academic  example  and  is  only  complete  insofar  as  it  illustrates  the 
use  of  the  Moment  and  Shear  curves  of  ES-104.  The  following  figure  shows  the  essential 
dimensions  and  possible  loads  on  the  interior  panel  of  a counterforted  retaining  wall. 
Both  the  wall  slab  and  the  heel  slab  approximate  a plate  fixed  on  three  edges  and  free 


IDEALIZED  WALL  SLAB  DIMENSIONS 


Unit  Weights 

Concrete 
Moist  Earth 
Saturated  Earth 
Water 


150  lbs /ft3 
125  lbs /ft3 
lLO  lbs /ft 3 
6 2 A lbs /ft 3 


Equivalent  Fluid  Weights 

Moist  Earth  65  lbs /ft3 

Saturated  Earth  85  lbs/ft3 


REFERENCE 


STANDARD  DWG.  NO. 


U.  S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ENGINEERING  DIVISION  - DESIGN  SECTION 


es-  104 

SHEET  72  OF  85 
DATE  4-13-56 


STRUCTURAL  DESIGN  : DESIGN  EXAMPLE  ; 
Component  wall  slab  loads 
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REFERENCE 


COMPONENT  WALL  SLAB  LOADS 


pw  = wh  = (62.4) (6.33)  = 395  lbs/ft2 

ps  = wh  = (65)  (2)  = 130  rbs/ft2 

Pe  = wh  = (65) (19)  = 1235  rbs/ft2 

p = wh  = (20) (l4.5)  = 290  lbs/ft2 

ir 

pwa  = (0.395) (19)  = 7-5  kips/ft 

psa  = (0.130) (19)  = 2.5  kips/ft 

pea  = (1.235) (19)  =23.5  kips/ft 
ppa  = (0.290) (19)  = 5.5  kips/ft 

Pva2  = (0.395) (19 )2  = 1^2.6  ft  kips/ft 

psa2  = (0.130) (l9)2  = ^6.9  ft  kips/ft 

pea2  = (1.235)  (19)2  = ^5-8  ft  kips/ft 

pa2  = (0.290) (19)2  = 10^.7  ft  kips/ft 


h _ 14 
a " 19 
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STRUCTURAL  DESIG 

Vertical  moments  (P 


; DESIGN  EX  A 
) in  wall  slab 


PLE 


Values 

2 

pa  -s*» 

Moment  Coefficients 

Moments 

(ft  kips 

0 

Total 

- 

142.6 

46.9 

445.8 

104 .7 

Moment 

l+ 

X 

a 

Pw 

Ps 

Pe 

PP 

Ms 

Me 

M 

P 

(ft  kips) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

- 

0.0001 

+ 

0.0045 

+ 

0 . 0008 

- 

0.0004 

+ 

0.01 

+ 

0.21 

+ 

O.36 

- 

0.04 

+ 

0.54 

0 

0.4 

- 

0.0002 

+ 

0.0065 

+ 

0.0030 

+ 

0.0013 

+ 

0.03 

+ 

0.30 

+ 

1.34 

+ 

o.i4 

+ 

1.8l 

0 

0.6 

+ 

0.0005 

+ 

0.0085 

+ 

0 . 0060 

+ 

0.0049 

- 

0.07 

+ 

0.40 

+ 

2.67 

+ 

0.51 

+ 

3-51 

0 

0.8 

+ 

0.0028 

+ 

0.0048 

+ 

0.0053 

+ 

0.0051 

- 

0.4o 

+ 

0.23 

+ 

2.36 

+ 

0.53 

+ 

2.72 

0 

1.0 

— 

0.0078 

— 

0.0280 

— 

0.0200 

- 

0.0170 

+ 

1.11 

— 

1.31 

— 

8.92 

— 

1.78 

— 

10.90 

+ 

0.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0.1 

0.2 

- 

0.0001 

+ 

0.0040 

+ 

0.0007 

- 

0.0003 

+ 

0.01 

+ 

0.19 

+ 

0.31 

- 

0.03 

+ 

0.48 

+ 

0.1 

0.4 

- 

0.0002 

+ 

0.0055 

+ 

0.0026 

+ 

0.0013 

+ 

0.03 

+ 

0.26 

+ 

1.16 

+ 

0.14 

+ 

1.59 

+ 

0.1 

0.6 

+ 

0.0005 

+ 

0.0080 

+ 

0.0058 

+ 

0.0045 

- 

0.07 

+ 

0.38 

+ 

2.59 

+ 

0.47 

+ 

3.37 

+ 

0.1 

0.8 

+ 

0.0026 

+ 

0.0045 

+ 

0.0048 

+ 

0.0047 

- 

0.37 

+ 

0.21 

+ 

2.14 

+ 

0.49 

+ 

2.47 

+ 

0.1 

1.0 

— 

0.0075 

— 

0.0251 

— 

0.0185 

— 

0.0160 

+ 

1.07 

— 

1.18 

— 

8.25 

- 

1.68 

- 

10.04 

+ 

0.2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0,2 

0.2 

- 

0.0001 

+ 

0.0020 

+ 

0.0001 

- 

0.0004 

+ 

0.01 

+ 

0.10 

+ 

0.04 

- 

0.04 

+ 

0.11 

+ 

0.2 

0.4 

- 

0.0002 

+ 

0.0030 

+ 

0.0019 

+ 

0.0008 

+ 

0.03 

+ 

0.14 

+ 

0.85 

+ 

0.08 

+ 

1.10 

+ 

0.2 

0.6 

+ 

0.0003 

+ 

0.0060 

+ 

o.oo4o 

+ 

0.0033 

- 

0.04 

+ 

0.28 

+ 

1.78 

+ 

0.35 

+ 

2.37 

+ 

0.2 

0.8 

+ 

0.0022 

+ 

0.0030 

+ 

0.0038 

+ 

0.0038 

- 

0.31 

+ 

0.14 

4" 

I.69 

+ 

0.4o 

+ 

1.92 

+ 

0.2 

1.0 

— 

O.OO63 

— 

0.0200 

— 

0.0150 

— 

0 . 0130 

+ 

0.90 

— 

0.94 

— 

6.69 

— 

1.36 

— 

8.09 

+ 

0.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

± 

0.3 

0.2 

- 

0.0001 

- 

0.0005 

- 

0.0003 

- 

0.0004 

+ 

0.01 

- 

0.02 

- 

0.13 

- 

0.04 

- 

0.18 

± 

0.3 

0.4 

- 

0.0002 

+ 

0.0010 

+ 

0.0005 

+ 

0.0001 

+ 

0.03 

+ 

0.05 

+ 

0.22 

+ 

0.01 

+ 

0.31 

+ 

0.3 

0.6 

0 

+ 

0.0021 

+ 

0.0019 

+ 

0.0016 

0 

+ 

0.10 

+ 

0.85 

+ 

0.17 

+ 

1.12 

+ 

0.3 

0.8 

+ 

0.0014 

+ 

0.0019 

+ 

0.0021 

+ 

0.0022 

- 

0.20 

+ 

0.09 

+ 

0.94 

+ 

0.23 

+ 

1.06 

+ 

0.3 

1.0 

- 

0.0044 

- 

0.0130 

- 

0.0095 

- 

0.0085 

+ 

0.63 

- 

0.6l 

— 

4.24 

— 

0.89 

— 

5.11 

+ 

0.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

± 

0.4 

0.2 

- 

0.0001 

- 

0.0041 

- 

0.0012 

- 

0.0007 

+ 

0.01 

- 

0.19 

- 

0.53 

- 

0.07 

- 

0.78 

± 

0.4 

0.4 

- 

0.0002 

- 

0.0036 

- 

0.0013 

- 

0.0009 

+ 

0.03 

- 

0.17 

- 

0.58 

- 

0.09 

- 

0.81 

+ 

0.4 

o.'6 

- 

0.0003 

- 

0.0026 

- 

0.0009 

- 

0.0006 

+ 

0.04 

- 

0.12 

- 

0.40 

- 

0.06 

- 

0.54 

+ 

0.4 

0.8 

+ 

0.0003 

- 

0.0010 

- 

0.0001 

+ 

0.0001 

- 

0.04 

- 

0.05 

- 

0.04 

+ 

0.01 

- 

0.12 

+ 

0.4 

1.0 

“ 

0.0020 

— 

0.0050 

— 

0.0038 

— 

0.0035 

+ 

0.29 

— 

0.23 

— 

1.69 

— 

0.37 

— 

2.00 

+ 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

0.5 

0.2 

- 

0.0001 

- 

0.0092 

- 

0.0022 

- 

0.0010 

+ 

0.01 

- 

0.43 

- 

0.98 

- 

0.10 

- 

1.50 

+ 

0.5 

0.4 

— 

0.0002 

- 

0.0087 

- 

0.0034 

- 

0.0021 

+ 

0.03 

- 

0.4l 

- 

1.52 

- 

0.22 

- 

2.12 

+ 

0.5 

0.6 

- 

0.0006 

- 

0.0072 

- 

0.0042 

- 

0.0031 

+ 

0.09 

- 

0.34 

- 

1.87 

- 

0.32 

- 

2.44 

+ 

0.5 

0.8 

- 

0.0010 

- 

o.oo4o 

- 

0.0028 

- 

0.0024 

+ 

0.l4 

- 

0.19 

- 

1.25 

- 

0.25 

- 

1.55 

+ 

0.5 

1.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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STRUCTURAL  DESIGN  ; DESIGN  EXAMPLE  ; 
Horizontal  moments  (My)  in  wall  slab 


Values 
pa2 — 

Moment  Coefficients 

Moments 

(ft  kips) 

Total 

142.6 

46.9 

445.8 

104.7 

Moment 

a 

+ y 

b 

Pw 

Ps 

pe 

pp 

% 

Ms 

Me 

«p 

(ft  kips) 

0 

0 

+ 

0.0001 

+ 

0.0240 

+ 

o.oo4o 

+ 

0.0018 

0.01 

+ 

1.13 

+ 

1.78 

+ 

0.19 

+ 

3.09 

0 

+ 

0.1 

0 

+ 

0.0200 

+ 

0.0035 

+ 

0.0014 

0 

+ 

0.94 

+ 

1.56 

+ 

0.15 

+ 

2.65 

0 

+ 

0.2 

0 

+ 

0.0120 

+ 

0.0020 

+ 

0.0007 

0 

+ 

0.56 

+ 

O.89 

+ 

0.07 

+ 

1.52 

0 

+ 

0.3 

0 

- 

0.0020 

- 

0.0010 

- 

0.0004 

0 

- 

0.09 

- 

0.45 

— 

0.04 

— 

0.58 

0 

+ 

0.4 

0 

- 

0.0210 

- 

o.oo4o 

- 

0.0016 

0 

- 

O.98 

- 

1.78 

- 

0.17 

— 

2.93 

0 

+ 

0.5 

0 

— 

0.0470 

— 

0.0070 

— 

0.0024 

0 

— 

2.20 

— 

3-12 

- 

0.25 

- 

5-57 

0.2 

+ 

0 

+ 

0.0002 

+ 

0.0230 

+ 

0.0060 

+ 

0.0030 

— 

0.03 

+ 

1.08 

+ 

2.67 

+ 

0.31 

+ 

4.03 

0.2 

+ 

0.1 

+ 

0.0002 

+ 

0.0200 

+ 

0.0050 

+ 

0.0025 

- 

0.03 

+ 

0.94 

+ 

2.23 

+ 

0.26 

+ 

3.40 

0.2 

+ 

0.2 

+ 

0.0001 

+ 

0.0130 

+ 

0.0030 

+ 

0.0014 

- 

0.01 

+ 

0.6l 

+ 

1.34 

+ 

0.15 

+ 

2.09 

0.2 

± 

0.3 

— 

0.0001 

- 

0.0010 

- 

0.0010 

- 

0.0005 

+ 

0.01 

- 

0.05 

- 

0.45 

— 

0.05 

- 

0.54 

0.2 

± 

0.4 

- 

0.0002 

- 

0.0200 

- 

0.0050 

- 

0.0026 

+ 

0.03 

- 

0.94 

- 

2.23 

- 

0.27 

— 

3.4i 

0.2 

± 

0.5 

— 

0.0003 

— 

0 . 0480 

— 

0.0115 

— 

0.0053 

+ 

0.04 

— 

2.25 

— 

5.13 

— 

0.55 

— 

7.89 

0.4 

0 

+ 

0.0006 

+ 

0.0220 

+ 

0.0085 

+ 

0.0052 

— 

0.09 

+ 

1.03 

+ 

3.78 

+ 

0.54 

+ 

5.27 

0.4 

± 

0.1 

+ 

0.0005 

+ 

0.0190 

+ 

0.0075 

+ 

0.0047 

- 

0.07 

+ 

O.89 

+ 

3.34 

+ 

0.49 

+ 

4.65 

0.4 

± 

0.2 

+ 

0.0002 

+ 

0.0120 

+ 

o.oo48 

+ 

0.0030 

- 

0.03 

+ 

0.56 

+ 

2.14 

+ 

0.31 

+ 

2.98 

0.4 

± 

0.3 

— 

0.0001 

- 

0.0010 

0 

- 

0.0001 

+ 

0.01 

- 

0.05 

0 

— 

0.01 

— 

0.05 

0.4 

± 

0.4 

- 

0.0006 

- 

0.0180 

- 

0.0072 

- 

0.0045 

+ 

0.09 

- 

0.84 

- 

3.21 

— 

0.47 

— 

4.43 

0.4 

± 

0.5 

— 

0.0010 

— 

0.0450 

— 

0.0176 

— 

0.0106 

+ 

0.l4 

- 

2.11 

- 

7.85 

- 

1.11 

- 

10.93 

0.6 

0 

+ 

0.0013 

+ 

O.OI83 

+ 

0.0097 

4- 

0.0073 

— 

0.19 

+ 

0 .86 

+ 

4.32 

+ 

0.76 

+ 

5-75 

0.6 

+ 

0.1 

+ 

0.0012 

+ 

O.OI63 

+ 

0.0088 

+ 

0.0067 

- 

0.17 

+ 

0.76 

+ 

3.92 

+ 

0.70 

+ 

5.21 

0.6 

+ 

0.2 

+ 

0.0007 

+ 

0.0104 

+ 

0.0060 

+ 

0.0045 

- 

0.10 

+ 

0.49 

+ 

2.67 

+ 

0.47 

+ 

3-53 

0.6 

+ 

0.3 

0 

0 

+ 

0.0007 

+ 

0.0006 

0 

0 

+ 

0.31 

+ 

0.06 

+ 

0.37 

0.6 

+ 

0.4 

— 

0.0012 

- 

0.0150 

- 

0.0077 

- 

0.0056 

+ 

0.17 

- 

0.70 

- 

3.43 

— 

0.59 

— 

4.55 

0.6 

+ 

0.5 

— 

0.0028 

— 

0.0370 

— 

0.0207 

— 

0.0154 

+ 

0.4o 

— 

1.74 

- 

9.23 

— 

1.61 

— 

12.18 

0.8 

0 

+ 

0.0019 

+ 

0.0093 

+ 

0.0060 

+ 

0 . 0050 

_ 

0.27 

+ 

0.44 

+ 

2.67 

+ 

0.52 

+ 

3.36 

0.8 

+ 

0.1 

+ 

0.0018 

+ 

0.0084 

+ 

0.0056 

+ 

0.0048 

— 

0.26 

+ 

0.39 

+ 

2.50 

+ 

0.50 

+ 

3.13 

0.8 

+ 

0.2 

+ 

0.0016 

+ 

0.0058 

+ 

0.0042 

+ 

0.0036 

- 

0.23 

+ 

0.27 

+ 

1.87 

+ 

0.38 

+ 

2.29 

0.8 

+ 

0.3 

+ 

0.0008 

+ 

0.0008 

+ 

0.0012 

+ 

0.0012 

— 

0.11 

+ 

0.04 

+ 

0.53 

+ 

0.13 

+ 

0.59 

0.8 

+ 

0.4 

- 

0.0011 

- 

0.0074 

- 

0.0045 

- 

0.0036 

+ 

0.16 

- 

0.35 

- 

2.01 

- 

0.38 

- 

2.58 

0.8 

± 

0.5 

— 

0.0051 

— 

0.0210 

— 

0.0145 

- 

0.0123 

+ 

0.73 

— 

O.98 

— 

6.46 

— 

1.29 

- 

8.00 

1 

0 

- 

0.0016 

— 

0.0059 

— 

o.oo4o 

— 

0.0034 

+ 

0.23 

— 

0.28 

— 

1.78 

_ 

0.36 

_ 

2.19 

1 

± 

0.1 

— 

0.0015 

- 

0.0055 

- 

0.0038 

- 

0.0032 

+ 

0.21 

— 

0.26 

- 

1.69 

- 

0.34 

- 

2.08 

1 

± 

0.2 

— 

0.0013 

- 

0.0043 

- 

0.0030 

- 

0.0026 

+ 

0.19 

- 

0.20 

- 

1.34 

- 

0.27 

— 

1.62 

1 

+ 

0.3 

— 

0.0009 

- 

0.0027 

- 

0.0020 

- 

0.0017 

+ 

0.13 

- 

0.13 

- 

0.89 

- 

0.18 

- 

1.07 

1 

+ 

0.4 

— 

0.0004 

— 

0.0010 

- 

0.0008 

- 

0.0007 

+ 

0.06 

- 

0.05 

— 

O.36 

— 

0.07 

— 

0.42 

1 

+ 

0.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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STRUCTURAL  DESIGN  : DESIGN  EXAMPLE  ; 

Example  of  interpolation,  horizontal  and  vertical  moments 
In  wall  slab 


1 — 1 

CM 

rA 

0 

O 

0 

+1 

+1 

+1 

-4" 

o 

+1 


IT'S 

o 

+1 


Ratio  y/b 


EXAMPLE  OF  INTERPOLATION  OF  MOMENT  COEFFICIENT  (M  ) 
FOR  0.76  HYDROSTATIC  LOAD  ALONG  SECTION  x = 0 y 


1 


3.09 

0.0 

4.03 

0.5^ 

5.27 

1.81 


3.51 

3.36 

2.72 

2.19 

10.90 


II 

>5 


II 


HORIZONTAL  AND  VERTICAL  MOMENTS  IN  ft  kips/ft  IN  WALL  SLAB 
1 

(Horizontal  Moment 
TVertical  Moment 
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STRUCTURAL  DESIGN  : DESIGN  EXAMPLE  ; 
Shears  in  wall  slab 


Values 

Shear  Coefficients 

Shear 

Total 

- 7.5 

2.5 

23.5 

5.5 

(kips/ft ) 

Shear 

X 

a 

>>l,o 

-H 

Pv 

Ps 

Pe 

h 

sv 

ss 

s 

e 

s 

P 

kips 

ft 

0 

± 0.5 

- 0.0021 

+ 0.3650 

+ 0.0190 

- 0.0020 

+ 0.02 

+ 0.91 

+ 0.45 

- 0.01 

+ 1-37 

0.2 

± 0.5 

+ 0.0001 

+ 0.3900 

+ 0.0850 

+ 0.0305 

0.0 

+ O.98 

+ 2.00 

+ 0.17 

+ 3.15 

0.4 

± 0.5 

+ 0.0035 

+ 0.3700 

+ 0.1500 

+ 0.0773 

- 0.03 

+ 0.93 

+ 3.53 

+ 0.43 

+ 4.86 

0.6 

± 0.5 

+ 0.0215 

+ 0.3500 

+ 0.2100 

+ 0.1570 

- 0.16 

+ 0.88 

+ 4.94 

+ 0.86 

+ 6.52 

0.8 

1.0 

± 0.5 
± 0.5 

+ 0.0780 
+ 0.0230 

+ 0.2150 
0.0 

+ 0.1690 
+ 0.0100 

+ 0.1515 
+ 0.0144 

- 0.59 

- 0.17 

+ 0.54 
0.0 

+ 3-97 
+ 0.24 

+ 0.83 
+ 0.08 

+ 4.75 
+ 0.15 

1.0 

± 0.4 

+ 0.0610 

+ 0.0320 

+ 0.0480 

+ 0.0524 

- 0.46 

+ 0.08 

+ 1.13 

+ 0.29 

+ 1.04 

1.0 

± 0.5 

+ 0.1070 

+ 0.1670 

+ o.i48o 

+ 0.1407 

- 0.80 

+ 0.42 

+ 3.48 

+ 0.77 

+ 3.87 

1.0 

± 0.2 

+ 0.1310 

+ 0.2600 

+ 0.2150 

+ 0.1961 

- 0.98 

+ 0.65 

+ 5.05 

+ 1.08 

+ 5.80 

l'.O 

i — 1 

o 

+i 

+ 0.1425 

+ 0.3200 

+ 0.2510 

+ 0.2263 

- 1.07 

+ 0.80 

+ 5.90 

+ 1.24 

+ 6.87 

1.0 

0 

+ o.l46o 

+ 0.3400 

+ 0.2640 

+ 0.2356 

- 1.10 

+ 0.85 

+ 6.20 

+ 1.30 

+ 7.25 

SHEAR  ALONG  FIXED  EDGES  x = a AND  y = ± 0 . 5b  IN  WALL  SLAB 


The  magnitude  and  location  of  the  maximum  shear  may  readily  he  obtained  from  the  above 
table . 
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ENGINEERING  DIVISION  - DESIGN  SECTION 


STRUCTURAL  DESIGN  : DESIGN  EXAMPLE  ; 
Heel  slob  loads 


HEEL  SLAB 


H = 16,330  JLTds 


Determine  the  total  vertical  load  W. 


Weight  x 

lever  arm 

= 

Moment 

Wall  Stem 

= 

1 X 18  X 150 

= 

2,700  X 

9.5 

= 

25,650 

= 

0.5  X 18  X 150 

= 

1,350  x 

8.67 

= 

11,705 

Footing 

= 

2 x l4  x 150 

= 

4,200  x 

7 

= 

29,400 

Moist  Earth 

;= 

8 x 20  x 125 

20,000  x 

4 

= 

80,000 

= 

0.5  x 18  x 125 

= 

1,125  x 

8.33 

= 

9,370 

= 

1 x 2 x 125 

250  X 

8.5 

= 

2,125 

Saturated  Earth 

= 

8 x 13*5  x 15 

= 

1,620  X 

4 

- 

6,480 

= 

0.38  x 13.5  x 15 

= 

75  x 

8.25 

= 

620 

Counterfort 

1 x 4-. 5 x 25 

X 

0 

1 — 1 

8.17 

80 

- 

14- 

5 x 13-5  x 10 

50  X 

5.50 

275 

14 

Water 

= 

4 X 5.33  X 62.4 

= 

1,330  X 

12 

= 

15,960 

EW 

= 

32,710 

EM 

= 

181,665 

EM  181,665 
X " EW  “ 32,710 

5- 

55  ft 

Determine  the  horizontal 

load  H. 

Water 

7.332  x 62.4 

Weight 

- 1,675 

X 

lever  am 
2.44 

= 

Moment 
- 4,090 

2 

Surcharge 

= 130  x 20 

= 

2,600 

X 

10 

= 

26,000 

Earth  Load 

202  x 65 
2 

= 

13,000 

X 

6.67 

= 

86,710 

Pore  Pressure  Load 

15 -52  x 20 
2 

= 

2, 405 

X 

5.17 

= 

12,435 

EW 

= 

16,330 

EM 

= 

121,055 

_ (32,710)  (8.4-3)  - (16,330)  (7-4l)  = k 75  ft 
32,710 

e = 7-00  - 4.75  = 2.25  ft 
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STRUCTURAL  DESIGN:  DESIGN  EXAMPLE; 

Heel  slob  dimensions  and  component  loads 

Max  Pressure  * ( ”)(l  + ^)  = ( jg^1°)(1  + (6>(g-2^)  = 4588  lbs/ft2 
Min  Pressure  = ( |)(l  - ~)  = (^T^X1  “ ^ ) ) = 84  l^s/ft2 


CM 

-P 

<P 


CM 

-P 

Ch 


& 

I 1 

OJ 

o 

o 

ro 


co 

P 

I — I 

-=J" 

CO 


Pv  = (4588  - 84) (^)  = 2895  lbs/ft2 

pu  = (20) (125)  + (15.5) (15)  + (2) (150)  - 84  = 2918  lbs /ft2 

pya2  = (2.895) (9)2  = 234.5  ft  kips/ft 
pua2  = (2.918) (9)2  = 236.4  ft  kips/ft 


IDEALIZED  HEEL  SLAB  DIMENSIONS 


COMPONENT  HEEL  SLAB  LOADS 
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STRUCTURAL  DESIGN  : DESIGN  EXAMPLE  ; 
Moments  (Mx)  in  heel  slab 


Moment  Coefficient 

Values 

236.4 

- 23+5 

Moment 

(ft  kips) 

Total 
Moment 
ft  kips 

+ Z 

Id 

X 

a 

Pu 

Pv 

Mu 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

+ 0.0200 

+ 0.0070 

+ +73 

- 1.64 

+ 3.09 

0 

0.4 

+ 0.0250 

+ 0.0142 

+ 5.91 

- 3.55 

+ 2.58 

0 

0.6 

+ 0.0130 

+ 0.0142 

+ 3.07 

- 3-33 

- 0.26 

0 

0.8 

- 0.0300 

- 0.0048 

- 7.09 

+ 1.13 

- 5.96 

0 

1.0 

- 0.1290 

- 0.0610 

-30.50 

+ l4. 30 

-16.20 

± 0.1 

0 

0 

0 

0 

0 

0 

± 0.1 

0.2 

+ 0.0180 

+ O.OO67 

+ 4.26 

- 1.57 

+ 2.69 

± 0.1 

0.4 

+ 0.0230 

+ 0.0138 

+ 5.44 

- 3.24 

+ 2.20 

± 0.1 

0.6 

+ 0.0120 

+ 0.0133 

+ 2.84 

- 3-12 

- 0.28 

± 0.1 

0.8 

- 0.0275 

- 0.0041 

- 6.50 

+ O.96 

- 5.54 

± 0.1 

1.0 

- 0.1210 

- 0.0575 

-28.60 

+ 13.48 

- 15. 12 

± 0.2 

0 

0 

0 

0 

0 

0 

± 0.2 

0.2 

+ 0.0130 

+ 0.0043 

+ 3.07 

- 1.01 

+ 2.06 

± 0.2 

0.4 

+ 0.0170 

+ 0.0105 

+ 4.02 

- 2.46 

+ 1.56 

± 0.2 

0.6 

+ 0.0090 

+ 0.0117 

+ 2.13 

- 2.74 

- 0.6l 

± 0.2 

0.8 

- 0.0220 

- 0.0020 

- 5.20 

+ 0.47 

- +73 

± 0.2 

1.0 

- 0.0970 

- 0.0482 

-22.93 

+ 11. 30 

-II.63 

± 0.3 

0 

0 

0 

0 

0 

0 

± 0.3 

0.2 

+ 0.0030 

+ 0.0013 

+ 0.71 

- 0.30 

+ 0.4l 

± 0.3 

0.4 

+ 0.0070 

+ 0.0059 

+ 1.65 

- 1.38 

+ 0.27 

± 0.3 

0.6 

+ 0.0048 

+ 0.0078 

+ 1.13 

- 1.83 

- 0.70 

± 0.3 

0.8 

- 0.0133 

- 0.0005 

- 3.14 

+ 0.12 

- 3.02 

± 0.3 

1.0 

- 0.0615 

- 0.0335 

-14.54 

+ 7.86 

- 6.68 

± 0.4 

0 

0 

0 

0 

0 

0 

± 0.4- 

0.2 

- 0.0117 

- 0.0031 

- 2.77 

+ 0.73 

- 2.04 

± 0.4- 

0.4 

- 0.0072 

- 0.0009 

- 1.70 

+ 0.21 

- 1.49 

± 0.4- 

0.6 

- 0.0038 

+ 0.0012 

- 0.90 

- 0.28 

- 1.18 

± 0.4 

0.8 

- 0.0068 

- 0.0002 

- 1.61 

+ 0.05 

- 1.56 

± 0.4 

1.0 

- 0.0225 

- 0.0145 

- 5.32 

+ 3.40 

- 1.92 

± 0.5 

0 

0 

0 

0 

0 

0 

± 0.5 

0.2 

- 0.0323 

- 0.0091 

- 7.64 

+ 2.13 

- 5.51 

± 0.5 

0.4 

- 0.0249 

- 0.0088 

- 5.89 

+ 2.06 

- 3.83 

± 0.5 

0.6 

- 0.0160 

- 0.0071 

- 3.78 

+ 1.66 

- 2.12 

± 0.5 

0.8 

- 0.0058 

- 0.0033 

- 1.37 

+ 0.77 

- 0.60 

± 0.5 

1.0 

0 

0 

0 

0 

0 
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Moments  (My)  in  hee 

1 s 

lob 

Moment  Coefficient 

Values 

pa2 — 

236.4 

23^.5 

Moment  (ft  kips) 

Total 

Moment 
ft  kips 

X 

a 

+ 

y 

i 

Pu 

Pv 

0 

0 

+ 0 . o84o 

+ 

0.0225 

+ 

19.86 

- 5.28 

+ 14.58 

0 

+ 

0.1 

+ 0.0760 

+ 

0.0195 

+ 

17.97 

- 4.57 

+ 13. 4o 

0 

+ 

0.2 

+ 0.0500 

+ 

0.0125 

+ 

11.82 

- 2.93 

+ 8.89 

0 

+ 

0.3 

+ 0.0030 

- 

0.0013 

+ 

0.71 

+ 0.30 

+ 1.01 

0 

± 

0.4 

- 0.0740 

— 

0.0206 

- 

17.^9 

+ 4.83 

-12.66 

0 

± 

0.5 

- 0.1880 

— 

0.0430 

— 

44.44 

+ 10.08 

-34. 36 

0.2 

0 

+ 0.0730 

+ 

0.0212 

+ 

17.26 

- 4.97 

+ 12.29 

0.2 

± 

0.1 

+ 0.0650 

+ 

0.0192 

+ 

15.37 

- 4.50 

+ 10.87 

0.2 

+ 

0.2 

+ 0.0430 

+ 

0.0126 

+ 

10.17 

- 2.95 

+ 7.22 

0.2 

.+ 

0.3 

+ 0.0020 

+ 

0.0007 

+ 

0.47 

- 0.16 

+ 0.31 

0.2 

+ 

0.4 

- 0.0630 

— 

0.0182 

— 

14.89 

+ 4.27 

-10.62 

0.2 

+ 

0.5 

- 0.1620 

— 

0.0452 

— 

38.30 

+ 10. 60 

-27.70 

0.4 

0 

+ 0.0570 

+ 

0.0192 

+ 

13.47 

- 4.50 

+ 8.97 

0.4 

± 

0.1 

+ 0.0520 

+ 

0.0178 

+ 

12.29 

- 4.17 

+ 8.12 

0.4 

± 

0.2 

+ 0.0350 

+ 

0.0127 

+ 

8.27 

- 2.98 

+ 5.29 

0.4 

± 

0.3 

+ o.oo4o 

+ 

0.0028 

+ 

0.94 

— 0.66 

+ 0.28 

0.4 

± 

0.4 

- 0.0470 

— 

0.0147 

— 

11.11 

+ 3.45 

— 7.66 

0.4 

+ 

0.5 

- 0.1250 

— 

0.0439 

— 

29.55 

+ 10.29 

-19.26 

0.6 

0 

+ 0.0335 

+ 

0.0137 

+ 

7.92 

- 3.21 

+ 4.71 

0.6 

+ 

0.1 

+ 0.0308 

+ 

0.0130 

+ 

7.28 

- 3.05 

+ 4.23 

0.6 

+ 

0.2 

+ 0.0215 

+ 

0.0104 

+ 

5.08 

- 2.44 

+ 2.64 

0.6 

+ 

0.3 

+ 0.0035 

+ 

0.0040 

+ 

0.83 

- 0.94 

- 0.11 

0.6 

+ 

0.4 

- 0.0285 

- 

0.0090 

- 

6.73 

+ 2.11 

— 4.62 

0.6 

+ 

0.5 

- 0.0805 

— 

0.0352 

— 

19.03 

+ 8.25 

-10.78 

0.8 

0 

+ 0.0045 

+ 

0.0030 

+ 

1.06 

- 0.70 

+ 0.36 

0.8 

+ 

0.1 

+ 0.0041 

+ 

0.0030 

+ 

0.97 

- 0.70 

+ 0.27 

0.8 

± 

0.2 

+ 0.0028 

+ 

0.0028 

+ 

0.66 

— 0.66 

0 

0.8 

+ 

0.3 

- 0.0012 

+ 

0.0016 

— 

0.28 

- 0.38 

— 0.66 

0.8 

± 

0.4 

- 0.0112 

— 

0.0030 

— 

2.65 

+ 0.70 

- 1.95 

0.8 

± 

0.5 

- 0.0292 

— 

O.OI63 

— 

6.90 

+ 3.82 

i - 3.08 

1.0 

0 

- 0.0260 

— 

0.0122 

— 

6.15 

+ 2.86 

- 3.29 

1.0 

± 

0.1 

- 0.0242 

- 

0.0116 

- 

5.72 

+ 2.72 

- 3-00 

1.0 

+ 

0.2 

- 0.0193 

- 

0.0097 

- 

4.56 

+ 2.27 

- 2.29 

1.0 

+ 

0.3 

- 0.0123 

- 

O.OO67 

- 

2.91 

+ 1.57 

- 1.34 

1.0 

+ 

0.4 

- 0 .0045 

- 

0.0030 

- 

1.06 

+ 0.70 

- 0.36 

1.0 

+ 

0.5 

0 

0 

0 

0 

0 
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Moments  ( M x ) in  heel  slab 


— ouvy 
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STRUCTURAL  DESIGN  ; DESIGN  EXAMPLE  ; 
Moments  ond  shears  in  heel  slab 


o.o 

+ 12.29 
+ 3.09 

+ 8.97 
+ 2.58 

+ 4.71 

- 0.26 

+ 0.36 

- 5.96 

- 3.29 

- 16.20 


11 

>5 


n 


11 

>5 


MOMENTS 


(My)  AND  (Mx)  IN  ft  kips/ft  IN  HEEL  SLAB 


(My) 


(Mx) 


Values 

pa  - 

— 

Shear  Coefficient 

Shear 

kips/ft 

Total 

Shear 

kips/ft 

26.3 

- 

26.1 

X 

a 

+ 

y 

b 

Pu 

Pv 

su 

sv 

0 

+ 

0 

5 

+ 

0 

CA 

O 

+ 

0 

.114 

+ 

23 

7 

- 

3 

.0 

+ 

20 

.7 

0.2 

+ 

0 

5 

+ 

0.805 

+ 

0 

.213 

+ 

21 

2 

- 

5 

.6 

+ 

15 

.6 

0.4 

+ 

0 

5 

+ 

0.603 

+ 

0 

.243 

+ 

15 

9 

- 

6 

3 

+ 

9 

.6 

0.6 

± 

0 

5 

+ 

0.435 

+ 

0 

.252 

+ 

11 

4 

- 

6 

6 

+ 

4 

.8 

0.8 

+ 

0 

5 

+ 

0.110 

+ 

0 

.130 

+ 

2 

9 

- 

3 

4 

- 

0 

.5 

1.0 

+ 

0 

5 

- 

0.075 

- 

0 

.020 

- 

2 

0 

+ 

0 

5 

- 

1 

.5 

1.0 

+ 

0 

4 

+ 

0.085 

+ 

0 

130 

+ 

2 

2 

- 

3 

4 

- 

1 

2 

1.0 

± 

0 

3 

+ 

0.346 

+ 

0 

.271 

+ 

9 

1 

- 

7 

1 

+ 

2 

0 

1.0 

+ 

0 

2 

+ 

0.542 

+ 

0 

355 

+ 

14 

3 

- 

9 

3 

+ 

5 

0 

1.0 

+ 

0 

1 

+ 

0.655 

+ 

0 

399 

+ 

17 

2 

- 

10 

4 

+ 

6 

8 

1.0 

0 

0 

+ 

0.692 

+ 

0 

4n 

+ 

18 

2 

- 

10 

7 

+ 

7 

5 

SHEAR  ALONG  FIXED  EDGES  x = a AND  y = ± 0.5b  IN  HEEL  SLAB 

The  magnitude  and  location  of  the  maximum  shear  may  be  readily 
obtained  from  the  above  table . 
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4.  Reinforced  Concrete 

4.1  Classes  of  Reinforced  Concrete.  The  class  of  concrete  to  "be 
used,  in  any  specific  job  should  be  based  on  a study  of  the  job  require- 
ments as  to  strength  and  durability.  However,  it  is  futile  to  design 
for  a class  of  concrete  that  cannot  be  attained  on  the  job  because  of 
poor  available  materials,  inexperienced  construction  forces,  inadequate 
equipment,  or  other  reasons.  Many  factors  affect  the  quality  of  con- 
crete; the  best  materials  and  design  do  not  produce  excellent  concrete 
without  high  quality  methods  of  construction. 

Eight  classes  of  concrete  are  presently  established.  They  cover  the 
various  conditions  of  design  and  construction  encountered  by  the  Soil 
Conservation  Service.  For  Class  5000*  Class  4000,  Class  ^000  and 
Class  2500  concrete  the  Contractor  is  responsible  for  the  design  of  the 
concrete  mix.  For  Class  5000X,  Class  4000X,  Class  30C0X  and  Class  25OOX 
concrete  the  Engineer  is  responsible  for  the  design  of  the  concrete  mix. 

The  following  is  a general  guide  to  these  concrete  classes  and  their  use. 

Class  5QQ0  or  5000X  concrete  --  for  special  structures,  for  pre- 
cast or  prestressed  construction,  for  extreme  exposure  conditions. 

Class  4000  or  4000X  concrete  --  for  standard  types  and  sizes  of 
structures,  for  moderate  exposure  conditions. 

Class  3QQQ  or  ^QQOX  concrete  --  for  small  simple  structures,  for 
mass  foundations. 

Class  2^00  or  2500X  concrete  --  for  small  structures  built  by 
the  farmer  or  unskilled  labor,  for  plain  concrete  construction. 

Guide  Construction  Specifications  8.  Concrete  and  9«  Placing  Steel 
Reinforcement  (NEH  Section  20)  state  the  technical  and  workmanship  re- 
quirements for  the  operations  required  in  reinforced  concrete  construc- 
tion. These  specifications  include  such  items  as: 

Air  Content  and  Consistency 
Design  of  Mixes 

Inspection  and  Testing  Fresh  Concrete 

Mixing,  Conveying,  Placing,  Consolidating  and  Curing  Concrete 
Preparation  and  Removal  of  Forms 
Fabrication  and  Placing  of  Reinforcement 

Guide  Material  Specifications  100.  Portland  Cement,  101.  Aggregate 
for  Portland  Cement  Concrete  and  103 . Steel  Reinforcement  (UEH  Section  20) 
state  the  quality  of  materials  to  be  incorporated  in  the  construction. 

4.2  Design  Codes  and  Criteria: 

4.2.1  General  Code  to  be  Used.  The  American  Concrete  Insti- 
tute Standard  "Building  Code  Requirements  for  Reinforced  Concrete" 

(ACI  318-63)  will  be  used  as  the  design  code  except  as  modified  in  4.2.2. 

4.2.2  Other  Design  Criteria 

(a)  The  design  of  reinforced  concrete  members  will  be 
made  in  accordance  with  Working  Stress  Design.  Ultimate  Strength  Design 
will  not  be  used. 
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(b)  The  allowable  extreme  fiber  stress  in  compression 

in  flexural  members  is:  fc  = 0.40  fj. 

(c)  Members  subjected  to  bending  and  direct  compres- 
sive force,  in  which  the  eccentricity  (e  = M/n)  is  not  less  than  that 
causing  balanced  working  stresses,  shall  be  designed  on  the  basis  of  re- 
cognized theory  of  cracked  sections.  The  tensile  steel  shall  be  stressed 
to  its  allowable  value;  the  concrete  stress  shall  not  exceed  its  allow- 
able value. 


(d)  The  minimum  clear  concrete  cover  over  reinforce- 
ment is  two  inches,  except  when  concrete  is  deposited  on  or  against  earth, 
the  minimum  clear  concrete  cover  is  three  inches.  However,  in  structural 
design  the  distance  from  the  surface  of  the  concrete  to  the  centerline  of 
the  nearest  reinforcing  steel  will  be  taken  as  2-l/2  or  3-1/2  inches,  as 
the  case  may  be,  to  simplify  the  determination  of  the  effective  depth,  for 
all  bars  one  inch  or  less  in  diameter. 

(e)  Reinforcing  steel  is  required  in  both  faces  and 
in  both  (orthogonal)  directions  in  all  concrete  slabs  and  walls,  except 
that  only  one  grid  of  reinforcing  is  required  in  concrete  linings  of 
trapezoidal  channels.  This  steel  serves  either  as  principal  reinforce- 
ment or  as  temperature  and  shrinkage  reinforcement.  The  minimum  steel 
area  for  slabs  and  walls  having  thickness  equal  to  or  less  than  1 6 
inches  in  each  face  and  in  each  direction,  expressed  as  the  ratio  (pt) 
of  reinforcement  area  (As)  to  gross  concrete  area  (bt),  are  as  follows: 

1.  The  steel  in  the  direction  in  which  the 
distance  between  expansion  or  contraction 
joints  does  not  exceed  thirty  feet, 

P-l.  = 0.002  in  the  exposed  face 

p^  = 0.001  in  the  unexposed  face 

2.  The  steel  in  the  direction  in  which  the 
distance  between  expansion  or  contraction 
joints  exceeds  thirty  feet, 

p^  = 0.003  in  the  exposed  face 

P-k  = 0.002  in  the  unexposed  face 

The  minimum  steel  area  for  slabs  and  walls  having  thicknesses  greater 
than  l6  inches  shall  be  computed  as  though  the  thickness  were  1 6 inches. 

(f)  The  maximum  spacing  of  principal  steel  shall  be 
twice  the  thickness  of  the  wall  or  slab,  but  not  more  than  l8  inches.  The 
maximum  spacing  of  temperature  steel  shall  be  three  times  the  thickness  of 
the  wall  or  slab,  but  not  more  than  18  inches. 

(g)  Where  principal  steel  is  required  in  only  one 
direction,  it  shall  be  placed  nearer  the  concrete  surface  than  the  temper- 
ature steel. 
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Where  principal  steel  is  required  in  loth  direc- 
tions , the  steel  which  carries  the  larger  moment  shall  he  placed  nearer 
the  concrete  surface. 

Where  principal  steel  is  required  in  neither 
direction,  the  temperature  steel  parallel  to  the  longer  dimension  of 
the  slab  or  wall  will  he  placed  nearer  the  concrete  surface. 

(h)  Splices  should  he  made  at  or  close  to  points  of 
inflection  if  it  is  practical  to  do  so.  The  length  of  a splice  in  ten- 
sion reinforcement  shall  equal  30  diameters  of  the  smaller  har  being 
spliced  or  the  length  of  bar  required  to  develop  the  full  working 
stress  in  the  smaller  har  without  exceeding  three-fourths  of  the  allow- 
able bond  stress,  whichever  is  the  greater.  The  length  of  a splice  in 
compression  reinforcement  shall  equal  24  diameters  of  the  smaller  bar 
being  spliced  or  12  inches,  whichever  is  the  greater. 

(i)  General  Anchorage  Requirements. 

The  calculated  tension  or  compression  in  any  bar 
at  any  section  must  be  developed  on  each  side  of  that  section  by  proper 
embedment  length,  end  anchorage,  or  hooks. 

At  least  one -third  the  positive  moment  reinforce- 
ment in  simple  spans  and  one -fourth  the  positive  moment  reinforcement  in 
continuous  spans  shall  extend  along  the  same  face  of  the  span  into  the 
support  at  least  6 inches. 

At  least  one -third  of  the  negative  moment  rein- 
forcement shall  be  extended  beyond  the  extreme  position  of  the  point  of 
inflection  a distance  not  less  than  one-sixteenth  of  the  clear  span,  or 
the  effective  depth  of  the  member,  whichever  is  greater. 

Except  at  supports,  every  reinforcing  bar  shall 
be  extended  beyond  the  point  at  which  it  is  no  longer  needed  to  resist 
flexural  stress,  for  a distance  equal  to  the  effective  depth  of  the 
member  or  12  bar  diameters,  whichever  is  greater. 

4.2.3  State  and  other  Local  Codes.  State  and  local  codes 
may  not  be  satisfied  by  the  above  mentioned  code  or  design  criteria. 

The  local  design  engineer  should  be  familiar  with  the  state  and  local 
codes  and  it  should  be  his  responsibility  to  see  that  these  codes  are 
met . 


Revised  9-64 


6.4-4 


4.3  Design  Procedures 

4.3.1  Reference  Materials.  Procedures  for  design  may  be 
found  in  several  manuals  and  textbooks,  among  which  are: 

"Reinforced  Concrete  Design  Handbook"  by  ACI 

"Design  Handbook"  by  Concrete  Reinforcing  Steel 
Institute 

"Reinforced  Concrete  Design"  by  Sutherland  and 
Reese 

"Reinforced  Concrete  Structures"  by  Peabody 

"Reinforced  Concrete  Fundamentals"  by  Ferguson 

"Theory  and  Practice  of  Reinforced  Concrete" 
by  Dunham 

Various  publications  of  the  Portland  Cement 
Association 

Humerous  computation  aids  have  been  developed  to 
simplify  and  speed  up  design  work  by  eliminating  the  need  of  solving 
various  design  formulas.  These  aids  follow,  and  their  use  is  illus- 
trated by  4.3.2. 
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4.5*2  Ex:ample  Problems.  Example  problems  for: 

(a)  Simple  Bending 

(b)  Bending  and  Direct  Compressive  Force 

(c)  Bending  and  Direct  Tensile  Force 

(d)  Beam  Shear  (as  a Measure  of  Diagonal  Tension) 

( e ) Flexural  Bond 

(f)  Temperature  and  Shrinkage  Steel 

are  solved  below.  All  problems  use  f£  = 4000  psi,  n =8.0,  fs  =20  ksi, 
and  concrete  cover  from  center  of  steel  = 2.5  in. 


(a)  Simple  Bending 


1.  Problem : Find  the  effective  depth  and  steel  area  which  produces  bal- 

anced stresses  at  a slab  section  where  the  moment  is  l4.0  ft  kips 
per  ft  of  width. 

Solution:  On  ES-164,  sheet  1 at  moment  Mg  = M = l4.0  ft  kips  and 

the  balanced  stress  line,  read  d = 7*20  in.  and  A = As  =1.54  sq  in. 

A practical  solution  is  d = 7*5  in.,  t =7*5  +2.5  =10.0  in.  and 
$8  bars  at  7 in.  on  centers. 

2.  Problem:  Determine  the  allowable  moment  for  a slab  8 in.  thick, 

reinforced  with  jjb  % 12  in.  on  centers. 

Solution:  d = 8 — 2.5  = 5*5  in.;  from  ES- 46  Ag  = 0.20  sq  in  per  ft 

On  ES-164,  sheet  1 at  effective  depth  d = 5.5  in.  and 
A = As  =0.20  sq  in.,  read  M = Ms  =1.70  ft  kips  per  ft  of  width. 


3.  Problem:  Find  the  steel  area  required  for  a beam  having  a width  of 

10  in.,  an  effective  depth  of  12.5  in.,  and  a moment  of  22  ft  kips. 

Solut ion : Moment  per  ft  of  width  = 22(12/10)  = 26.4  ft  kips 

On  ES-164,  sheet  1 at  moment  Mg  = M = 26.4  ft  kips  and  d =12.5  in., 
read  A = Ag  =1.42  sq  in.  Steel  area  required  for  given  beam 
= 1.42(10/12)  = 1.18  sq  in. 

Select  2—^7  bars,  As  =1.20  sq  in. 


4.  Problem:  Check  the  solution  of  problem  (a)3  by  using  the  transformed 

section  and  the  common  flexure  formula. 


Solution: 

10' " 

*» 


M = 22  ft  kips 
Ag  =1.20  sq  in 
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Determine  the  location  of  the  neutral  axis.  For  simple  tending, 
the  neutral  axis  is  the  same  as  the  center  of  gravity  axis.  This 
may  he  located  in  several  ways,  hut  two  are  shown. 


(l)  Trial  and  error  solution  for  the  location  of  the  neutral 
axis.  Assume  the  neutral  axis  is  3 -8  in.  helow  the  top 
of  the  team,  take  moments  about  the  top  of  the  team  to 
obtain  a new  estimate  of  the  distance  to  the  neutral  axis. 


Area 

Arm 

Moment 

Compression 

10.00 

X 

3.8 

= 38.0 

1-9 

72.2 

Transformed  Tension 

1.20 

X 

8 

= 9.6 

12.5 

120.0 

47.6 

192.2/47.6 
= 9.04 

Corrective  Area 

10.00 

X 

0.24 

= 2.4 

3.92 

9.4 

50.0 

201-6/50.0 

- 4.03" 

(2)  Direct  solution  for  location  of  neutral  axis.  Balance  the 

moment  of  the  compressive 
area  and  the  moment  of 
the  transformed  steel  area 
x about  the  unknown  location 

of  the  neutral  axis. 

(I0x)(|)  = 9.6(12.5  - x) 

12.5-x 

5x2  +9 -6x  = 120 
“ X = 4.03" 

Compute  the  Moment  of  Inertia  about  the  neutral  axis. 

j(lO) (4.03 )3  = 218 
9. 6(8. 47 )2  = 688 

I - 906  in4 

Compute  the  unit  stresses. 


fs 


Mx  (22  x 12  x 1000)  (4.03 ) __  . ^ _ 

= — = '906  = 1170  psi  < 1600  psi  OK 

nM(d  - x)  8(22  x 12)(8.U)  „„ 

_ — = — i ^og''  = 19.7  ksi  < 20  ksi  OK 


10 


12.5 


T 


N.A. 


1.20  x 8 = 9.6 
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5.  Problem : Find  the  steel  areas  required  at  a slab  section  having  an 

effective  depth  of  15  in.  and  a moment  of  65  ft  kips  per  ft  of  width. 

Solution:  On  ES-164,  sheet  1 at  moment  Mg  = M = 65.O  ft  kips  and 
d =15.0  in.,  read  required  steel  areas  A = As  = 5*0  sq  in.  and 
A^  = 0.70  sq  in. 

From  ES-46  select : 

#9  @ 4"  on  centers  for  tensile  steel. 

7^8  @ 12"  on  centers  for  compressive  steel. 

(b)  Bending  and  Direct  Compressive  Force 


1.  Problem:  Find  the  steel  area  required  at  a slab  section  having  a 

total  depth  of  12  in.,  a moment  of  15-5  ft  kips  per  ft  of  width 
and  a direct  compressive  force  of  13*7  kips  per  ft  of  width. 

Solution:  d - 12  - 2.5  - 9-5  in.;  d"  = (12/2)  - 2.5  = 3*5  in. 


,,  ..  , Nd" 

Ms  = M + 12~ 


= 15.5 


13.7  x 3.5 
12 


-19.5  ft  kips 


On  ES-164,  sheet  1 at  moment  Ms  =19*5  ft  kips  and  d = 9-5  in., 
read  A = 1.40  sq  in. 

As  = A — ~ = 1.40  - = 0.72  sq  in. 

From  ES-46  select: 

#7  @ 10"  on  centers . 

2.  Problem:  Same  as  problem  (b)l  except  moment  is  22.0  ft  kips  per  ft 

of  width. 

Solution:  Mg  = M + = 22-°  + = 26.0  ft  kips 

On  ES-164,  sheet  1 at  moment  Mg  =26.0  ft  kips  and  d = 9-5  in., 
read  required  areas  A =1.90  sq  in  and 

A^  = O.7O  sq  in.  Thus  As  = A — = 1.90  - ^-pj—  = 1.22  sq  in. 

From  E3-46  select  #7  @ 10"  on  centers  staggered  with  jf6  @ 10"  on 
centers  for  tensile  steel,  As  = 0.72  + 0.53  = 1..25  sq  in.  Select 
#7  @ 10"  on  centers  for  compressive  steel.  A*  =0.72  sq  in. 

b 
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3.  Problem:  Check  the  solution  of  problem  (b)2  by  computing  the 

unit  stresses. 

Solution:  Replace  the  moment,  M = 22.0  ft,  kips  and  direct  com- 

pressive force  N =13.7  kips,  by  an  equivalent  eccentric  compress- 
ive force  as  shown. 


The  force  relations  in  terms  of  concrete  stress  are: 

Cc  = fcta  = 6 fcx 

Cs  = “~(n  - l)A|  = fc(— V'~5~)(n  - l)As  = 5.0^fc(— 

T = ^(n)As  = = 10.0fc(2-?--ZJ -) 

Moments  about  a point  on  the  line  of  action  of  the  eccentric 
force  yield: 

T(19.3  + 3-5)  = Cc(l3-3  + |)  + CS(13.3  + 2.5) 

228  fc (2^~)  = 6 fcx(l3.3  + I)  + 79.6  fc(--y-— ) 

X3  + 39. 9x2  + 153. 8x  = 1188 
therefore,  by  trial,  x =3.75  in. 
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Summation  of  forces  yields: 

Cc  + Cs  - T = 13700 

6 fc(3.75)  + 5-04  fc(3-75-^2-5)  _ 10  f c(9--5~  1-7.5) 

= 13700 

therefore,  fc  = 1550  psi  < l600  psi  OK 

fs  = 8(1.330)  (?.-5-Z-|--75) 

=19.0  ksi  < 20  ksi  OK 


(c)  Bending  and  Direct  Tensile  Force 

1.  Problem:  Find  the  steel  area  required  at  a slab  section  having  a 

total  depth  of  12  in.,  a moment  of  22.0  ft  kips  per  ft  of  width, 
and  a direct  tensile  force  of  13*7  kips  per  ft  of  width. 

Solution: 

d = 12  - 2.5  = 9.5  in.;  d"  = (12/2)  - 2.5  = 3.9  in. 

Mg  = M — ||~  - 22.0  - = 18.0  ft  kips 

On  ES-184,  sheet  1 at  moment  Mg  = 18.0  ft  kips  and  d = 9*5  in., 
read  A = 1.28  sq  in. 

As  = A + = 1.28  + = 1.97  sq.  in 

From  E8-46  select  7^9  @ 8”  on  centers. 

(d)  Beam  Shear  (as  a Measure  of  Diagonal  Tension) 

1.  Problem:  Determine  the  allowable  total  shear  at  the  face  of  the 

support  of  a uniformly  loaded  beam  having  no  web  reinforcement  if 
b =12  in.,  t =13  in.,  and  the  live  plus  dead  loading  is  q = 1.2 
kips  per  lineal  ft. 

Solution:  d =13—2.5  =10.5  in. 

On  E3-164,  sheet  2 at  d =10.5  in.  and  q = 1.2  kips  per  lineal  ft, 
read  Vs  =9*88  kips. 
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2.  Problem:  Same  as  problem  (d)l  except  b =8  in. 

12 

Solution:  Compute  q for  b = 12  in.,  q = 1.2(-g-)  =1.8  kips  per 

lineal  ft. 

On  ES-164,  sheet  2 at  d =10.5  in.  and  q = 1.8  kips  per  lineal  ft, 
read  Vs  =10.4  kips.  Compute  Vs  for  b =8  in., 

Vs  = 10. 4(”)  =6.93  kips. 

3.  Problem:  Determine  the  depth  required  by  shear,  if  no  web  rein- 

forcement is  used,  when  a uniformly  loaded  one-way  slab  having  a 
clear  span  of  12.0  ft  carries  a live  load  of  2.0  kips  per  sq  ft. 

Solution:  For  the  first  trial  neglect  dead  weight;  then  q = 2.0  kips 

per  lineal  ft  and  Vs  = ~ qL  = — x 2.0  x 12  =12.0  kips.  On  ES-164, 

sheet  2 at  Vs  =12.0  kips  and  q = 2.0  kips  per  lineal  ft,  read 

d =11.9  in.  Including  the  dead  weight,  d must  be  greater  than 
11.9  in.;  therefore  try  d =13.0  in.,  t =13.0  +2.5  =15-5  in., 

and  q = 2.0  + 0 . 150 ^ ) =2.19  kips  per  lineal  ft,  so  that 

Vs  = x 2.19  x 12  = 13.1  kips.  On  ES-164,  sheet  2 at  Vs  = 13.1  kips  and 

q = 2.19  kips  per  lineal  ft,  read  d = 12.8  in.  Since  12.8  ^ 13.0 
use  d =13.0  in.  and  t =15*5  in. 

(e)  Flexural  Bond 


"Top  bars"  are  defined  as  horizontal  bars  so  placed  that  more  than 
12  in.  of  concrete  is  cast  in  the  member  below  the  bars. 

1.  Problem:  Determine  the  allowable  total  shear  at  the  face  of  the 

support  of  a one-way  simple  slab  having  t =13  in.  and  reinforced 
with  #5  © 12"  on  centers. 

Solution:  d =13  — 2.5  =10.5  in.;  from  ES-46  Eo  =1.96  in.  per  ft 
of  width.  On  ES-164,  sheet  3,  the  chart  for  "Tension  Bars  Other 
Than  Top  Bars"  at  Eo  = 1.96  in.  and  the  line  for  #5  bars,  read 
V/d  = O.83  kips  per  in.  Thus  V = O.83  x 10. 5 = 8.72  kips  per  ft 
of  width. 


2.  Problem:  Determine  the  maximum  spacing  permitted  by  bond  if  #6  bars 

are  used  to  reinforce  a one-way  cantilever  slab  having  t =15  in. 
and  V =11.9  kips  per  ft  of  width. 


Solution:  d = 15  - 2.5  = 12.5  in.;  V/d  = 


11.9 

12.5 


=0.95  kips  per  in. 


On  ES-164,  sheet  3,  the  chart  for  "Tension  Top  Bars"  V/d  = O.95  kips 
per  in.  and  the  line  for  $6  bars,  read  Eo  = 3.80  in. 

The  maximum  allowable  spacing  is  s = 12 (~^)  = 7.45  in. 
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(f)  Temperature  and  Shrinkage  Steel 

1.  Problem:  Determine  the  temperature  and  shrinkage  steel  required  in 

the  exposed  face  and  the  T and  S steel  required  in  the  unexposed 
face  of  a 1 6 in.  thick  slab.  The  distance  between  joints  in  each 
face  is  less  than  30  ft. 

Solution:  For  the  exposed  face,  the  minimum  value  of  p^  is  0.002. 

Thus  from  ES-^7  for  t = l6  any  of  the  following  combinations  of 
bar  size  and  spacing  might  be  selected:  jfb  @ 6",  #5  @ 9"> 

#6  @ 15",  or  #7  @ 18" . For  the  unexposed  face,  the  minimum  value 
of  p-t-  is  0.001.  Thus  from  ES-^7  any  of  the  following  might  be 
selected:  # 5 @ 6",  jfb  ® 12",  or  #5  @ 18".  Note  that  ES-164,  sheet  1 
can  be  used  to  determine  the  required  areas  of  T and  S steely  i.e., 
for  d = l6  — 2.5  = 15*5  in.  and  p^_  = 0.002  read  Ag  = 0.38  sq  in.  per 
ft,  similarly  for  p^  = 0.001  read  As  = 0.19  sq  in.  per  ft. 
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ALLOWABLE  WORKING  STRESSES  IN 

CONCRETE 

Description 
(Stresses  in  psi) 

Class  of  Concrete 

Any 

5000 

4000 

3000 

2500 

Compressive  strength 

Modular  ratio , for  concrete 
weighing  1^5  pcf  * 

f ’ 

c 

n 

f T 

1c 

503.3 

\/  f C 

5000 

7 

4000 

8 

3000 

9 

2500 

10 

Flexure : 

Extreme  fiber  stress  in 

compression 

fc 

2000 

1600 

1200 

1000 

Extreme  fiber  stress  in 

tension  in  plain  concrete 

ft 

113 

102 

88 

80 

Shear  (computed  as  V/bd  as  a 

measure  of  diagonal  tension): 

Beams  - shear  at  a distance  [d] 

from  the  face  of  the  support : 

1.1 

Beams  with  no  web  reinforcement 

vc 

78 

70 

60 

55 

Beams  with  properly  designed 

5.0  >/f£ 

web  reinforcement 

V 

354 

316 

27^ 

250 

Slabs  and  Footings  - peripheral 

shear  at  a distance  [d/2]  from 

the  periphery  of  the  area  of 

the  concentrated  load  or  reac- 

tion  with  no  web  reinforcement 

vc 

2.0  n/ f£ 

ikl 

126 

110 

100 

Bond  (deformed  bars, 

sizes  = #11 ): 

Tension  top  bars 

u 

3.Wf<yD  ^ 350 

All  other  tension  bars 

u 

4.8'/f(0D  ^ 500 

All  compression  bars 

u 

6.5 

S 400 





(D  = nominal  diameter  of  bar, 

inches ) 

* n is  taken  to  nearest  whole  number 


ALLOWABLE  WORKING  STRESSES  IN  REINFORCEMENT 

Description 

Grade  of  Steel 

(Stresses  in  psi) 

Structural 

Intermediate 

Hard 

In  tension: 

longitudinal  reinforcement 

fs 

18000 

20000 

20000 

web  reinforcement 

fy 

18000 

20000 

20000 

In  compression: 

flexural  members 

fs 

18000 

20000 

20000 

columns 

f*s 

13200 

16000 

20000 
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STRUCTURAL  DESIGN:  REINFORCED  CONCRETE  DESIGN 

WORKING  STRESS  DESIGN 
ALLOWABLE  BOND  STRESSES 


Allowable  Bond  Stress,  psi 


Description 

Class 

Bar 

Size 

of 

Concrete 

#3 

## 

#5 

#6 

#7 

#8 

#9 

#10 

#n 

5000 

350 

350 

350 

321 

275 

241 

214 

192 

175 

Tension 

4000 

350 

350 

342 

287 

246 

215 

191 

172 

156 

Top 

3000 

350 

350 

298 

248 

213 

186 

165 

149 

135 

Bars 

2500 

350 

340 

272 

227 

194 

170 

151 

136 

124 

All 

5000 

500 

500 

500 

454 

389 

340 

302 

272 

247 

Other 

4000 

500 

500 

487 

405 

347 

304 

270 

243 

221 

Tension 

3000 

500 

500 

422 

351 

301 

263 

234 

211 

192 

Bars 

2500 

500 

480 

384 

320 

274 

240 

213 

192 

174 

All 

Compression 

Bars 

5000 

4000 

3000 

2500 

400 

400 

356 

325 

Flexural  Bond  Stress 

Anchorage  Bond  Stress 

V 

fs  D 

2o.il 

-cj- 

II 

2 

V - total  shear  at  the  section 

fs  = stress  in  the  bar  under 

under  investigation.-  lbs. 

investigation,  psi 

2o  = sum  of  perimeters  of  the  Ion- 

D = nominal  diameter  of  the  bar, 

gn'tudinal  tension  bars  at  the 

inches 

section,  inches,  if  all  bars 

are  the  same  size;  for  mixed 

L = anchorage  length,  inches 

sizes,  substitute  4 As/D, 

where  As  is  total  longitudinal 

tension  steel  area  and  D is 

the  largest  bar  diameter. 

j = ratio  of  distance  between 

resultant  compression  and 

tension  forces  uo  the  depth, 

d.  Usually  taken  as  7/8  for 

these  computations. 

d = effective  depth,  inches . 

Flexural  bond  stress  need  not  be  considered  in  compression,  nor  in  those 
cases  of  tension  where  anchorage  bond  stress  is  less  than  0.8  of  the 
allowable . 
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STRUCTURAL  DESIGN:  REINFORCED  CONCRETE  DESIGN 

WORKING  STRESS  DESIGN 
ANCHORAGE  LENGTHS  AND  SPLICE  LENGTHS 


Anchorage  Length,  inches 

Description 

Class 

of 

Concrete 

Bar  Size 

#3 

#4 

#5 

#6 

#7 

#8 

#5 

#10 

#11 

Tension 

Top 

Bars 

5000 

4000 

3000 

2500 

6 

6 

6 

6 

8 

8 

8 

8 

9 

10 

11 

12 

12 

14 

16 

17 

16 

18 

21 

23 

21 

24 

27 

30 

27 

30 

35 

38 

33 

37 

42 

46 

40 

44 

51 

56 

All 

Other 

Tension 

Bars 

5000 

4000 

3000 

2500 

4 

4 

4 

4 

5 

5 

5 

6 

7 

7 

8 

9 

9 

10 

11 

12 

12 

13 

15 

16 

15 

17 

19 

21 

19 

21 

24 

27 

23 

26 

30 

33 

28 

32 

36 

40 

All 

Compression 

Bars 

5000 

4000 

3000 

2500 

5 

5 

6 
6 

7 

7 

8 
8 

8 

8 

9 

10 

10 

10 

11 

12 

11 

11 

13 

14 

13 

13 

15 

16 

15 

15 

16 
18 

16 

16 

18 

20 

18 

18 

20 

22 

Lapped  Splice  Length,  inches 

Description 

Class 

of 

Concrete 

Bar  Size 

#3 

#5 

#6 

#7 

#8 

#9 

#10 

#u 

Tension 

Top 

Bars 

5000 

4000 

3000 

2500 

12 

15 

19 

23 

27 

27 

28 
30 

30 

31 
36 
40 

35 

40 

46 

50 

44 

49 

56 

62 

53 

59 

68 

74 

All 

Other 

Tension 

Bars 

5000 

4000 

3000 

2500 

12 

15 

19 

23 

27 

30 

34 

34 

34 

36 

38 

38 

40 

44 

42 

42 

48 

53 

All 

Compression 

Bars 

All 

12 

12 

15 

18 

21 

24 

27 

30 

33 

Tension  Splice 

fsD 

L = the  larger  of  — - - — - or  30D 

M|u) 

Compression  Splice 

L = the  larger  of  24D  or  12  inches 
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STRUCTURAL  DESIGN:  REINFORCED  CONCRETE  DESIGN,  WORKING  STRESS  DESIGN. 
PERIMETER  OF  TENSILE  REINFORCEMENT  REQUIRED  FOR  FLEXURAL  BOND. 

FOR  12  INCH  WIDTH 


fc  = 3500  psi 


Tension  Top  Bars 


Tension  Bars  Other  Than  Top  Bars 


u = allowable  bond  stress,  psi 
For  tension  top  bars 


u = 3.1*  /fi/D  * 350 


: effective  depth,  inches 


For  tension  bars  other  than  top  bars  u = L.8  /fJ/D  ^ 500 
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STRUCTURAL  DESIGN  ‘ REINFORCED  CONCRETE  DESIGN. 
AREAS  AND  PERIMETERS  OF  BARS  AT  VARIOUS  SPACINGS 

FOR  12  INCH  WIDTH 


Areas  given  in  top  figures  in  square  inches 
Perimeters  given  in  bottom  figures  in  inches 


Spacing 

Bar  Size 

Spacing 

#3 

#4 

#5 

#6 

m 

ns 

n 9 

n io 

n n 

0.66 

1.  18 

1.84 

2.65 

7.07 

9. 42 

1 1.78 

14.  14 

2 1/4 

0.59 

1.05 

1.64 

2.36 

3.21 

2 1/4 

6.  28 

8.38 

10. 47 

12.  57 

1 4.66 

2 1/2 

0.53 

0.94 

1.47 

2.  12 

2.89 

3.77 

2 1/2 

5.65 

7.54 

9.  42 

11.31 

13.20 

15.08 

2 3/4 

0.48 

0.86 

1.34 

1.93 

2.62 

3.43 

2 3/4 

5.14- 

6.85 

8.57 

10.  28 

1 2.00 

13.71 

*3 

0.44 

0.79 

1.23 

1.77 

2.40 

3.14 

4.00 

3 

4.71 

6.  28 

7.85 

9.  42 

11.00 

12.57 

14.  1 8 

3 1/4 

0.41 

0.73 

1.  13 

1.63 

2.22 

2.90 

3.69 

3 1/4 

4.  35 

5.80 

7.25 

8.70 

10.  15 

I t.  60 

13.09 

3 i/2 

0.38 

0.67 

1.05 

1.51 

2.06 

2.69 

3.43 

4. 34 

l 1 /l 

4.04 

5.  39 

6.73 

8.08 

9.42 

10.77 

12.  15 

1 3.68 

3 3/4 

0.35 

0.63 

0.98 

1.41 

1.92 

2.51 

3.20 

4.05 

5.00 

3 3/4 

3.77 

5.03 

6.  28 

7.54 

8.80 

10.05 

11.34 

1 2.77 

14.  18 

0.33 

0.59 

0.92 

1.33 

1.80 

2.36 

3.00 

3.80 

4.69 

4 

3.  53 

4.71 

5.  89 

7.07 

8.25 

9.  42 

10.63 

11.97 

13.  29 

4 1 /4 

0.31 

0.55 

0.87 

1.25 

1.70 

2.22 

2.82 

3.57 

4.41 

4 1/4 

3.33 

4.44 

5.  54 

6.65 

7.76 

8.87 

10.0  1 

11.27 

12.5  1 

4 1/2 

0.29 

0.52 

0.82 

1.  18 

1.60 

2.09 

2.67 

3.37 

4.  17 

4 1/2 

3.  14 

4.  19 

5.  24 

6.  28 

7.  33 

8.38 

9.45 

10.64 

11.81 

4 3/4 

0.28 

0.50 

0.78 

1.12 

1.50 

1.98 

2.53 

3.20 

3.95 

4 3/4 

2.98 

3.97 

4.96 

5.95 

6.94 

7.94 

8.95 

10  .08 

1 1.  19 

5 

0.26 

0.47 

0.74 

1.06 

1.44 

1.88 

2.40 

3.04 

3.75 

5 

2.83 

3.77 

4.71 

5.  65 

6.60 

7.54 

8.5  1 

9.58 

10.63 

5 1/4 

0.25 

0.45 

0.70 

1.01 

1.37 

i.80 

2.29 

2.89 

3.57 

5 1/4 

2.69 

3.  59 

4.  49 

5.  39 

6.28 

7.  18 

8.  10 

9.12 

10.  13 

5 1/2 

0.24 

0.43 

0.67 

0.96 

1.31 

1.71 

2.  18 

2.76 

3.41 

5 1/2 

2.57 

3.  43 

4.  28 

5.  14 

6.00 

6.85 

7.73 

8.71 

9.66 

5 3/4 

0.23 

0.41 

0.64 

0.92 

1.25 

1.64 

2.09 

2.64 

3.26 

5 3/4 

2.  46 

3.28 

4.  10 

4.92 

5.74 

6.56 

7.40 

8.33 

9.25 

6 

0.22 

0.39 

0.61 

0.88 

1.20 

1.57 

2.00 

2.53 

3.  12 

£ 

2.36 

3.  14 

3.93 

4.7  1 

5.  50 

6.  28 

7.09 

7.98 

8.86 

6 1/2 

0.20 

0.36 

0.57 

0.82 

1.  1 1 

f .45 

1.85 

2.34 

2.88 

6 1/2 

2.  18 

2.90 

3.62 

4.  35 

5.07 

5.80 

6.  54 

7.37 

8.  18 

7 

0.  19 

0.34 

0.53 

0.76 

1.03 

1.35 

1.71 

2.  17 

2.68 

7 

2.02 

2.69 

3.37 

4.04 

4.7  1 

5.39 

6.08 

6.  84 

7.59 

7 1/2 

0. 18 

0.31 

0.49 

0.71 

0.96 

i . 26 

1.60 

2.03 

2.50 

7 1/2 

1.89 

2.  51 

3.  14 

3.77 

4.  40 

5.03 

5.67 

6.  38 

7.09 

8 

0.  17 

0.29 

0.46 

0.66 

0.90 

1.  18 

1.50 

1.90 

2.34 

8 

1.77 

2.  36 

2.95 

3.53 

4.  12 

4.7  1 

5.  32 

5.99 

6.65 

8 1/2 

0.  16 

0.28 

0.43 

0.62 

0.85 

1.11 

1.41 

1.79 

2.21 

8 1/2 

1.66 

2.22 

2.77 

3.  33 

3.  88 

4.44 

5.00 

5.63 

6.25 

9 

0.  15 

0.26 

0.41 

0.59 

0.80 

1.05 

1.33 

1.69 

2.08 

Q 

1.57 

2.09 

2.  62 

3.  14 

3.67 

4.  t9 

4.  73 

5.32 

5.9  1 

9 1/2 

0.  14 

0.25 

0.39 

0.56 

0.76 

0.99 

1.26 

1.60 

1.97 

9 1/2 

1.49 

1.98 

2.48 

2.  98 

3.  47 

3.  97 

4.  48 

5.04 

5.60 

10 

0.  13 

0.24 

0.37 

0.53 

0.72 

0.94 

1.20 

1.52 

1.88 

10 

1.41 

1.  88 

2.  36 

2.83 

3.  30 

3.77 

4.25 

4.79 

5.32 

10  1/2 

0.  13 

0.22 

0.35 

0.50 

0.69 

0.90 

1.14 

1.45 

1.79 

10  1/2 

1.35 

1.80 

2.24 

2.  69 

3.  1 4 

3.  59 

4.  05 

4.  56 

5.06 

1 1 

0.  12 

0.21 

0.33 

0.48 

0.66 

0.86 

1.09 

1.38 

1.70 

1 1 

1. 29 

1.7  1 

2.  14 

2.  57 

3.00 

3.43 

3.87 

4.  35 

4.83 

II  1/2 

0.  12 

0.20 

0.32 

0.46 

0.63 

0.82 

1.04 

1.32 

1.63 

II  1/2 

1 . 23 

1 .64 

2.  05 

2.46 

2.  87 

3.28 

3.70 

4.  16 

4.  62 

12 

0.  II 

0.20 

0.31 

0.44 

0. 60 

0.79 

I -00 

i .27 

1.56 

12 

f.  18 

1.57 

{.96 

2.36 

2.75 

3.  14 

3.54 

3.99 

4.  43 

13 

0.  10 

0.18 

0.28 

0.41 

0.56 

0.72 

0.92 

1.  17 

1.44 

13 

1 .09 

1. 45 

1.8  1 

2.  18 

2.  54 

2.90 

3.  27 

3.68 

4.09 

14 

0.09 

0.  17 

0.26 

0.38 

0.52 

0.  67 

0.86 

1.08 

1.34 

14 

1.0  1 

1.35 

1.68 

2.02 

2.36 

2.69 

3.04 

3.42 

3.80 

15 

0.09 

0.  16 

0.25 

0.35 

0.48 

0.63 

0.80 

1.01 

1.25 

15 

0.94 

1.26 

! , 57 

1 .89 

2.  20 

2.  51 

2.84 

3.  19 

3.  54 

16 

0.08 

0.  15 

0.23 

0.33 

0.45 

0.59 

0.75 

0.95 

1.  17 

16 

0.88 

1.18 

1 . 47 

1.77 

2.06 

2.36 

2.66 

2.99 

3.  32 

17 

0.08 

0.  14 

0.22 

0.31 

0.42 

0.55 

0.71 

0.89 

1.  10 

17 

0.83 

1.  1 1 

1 .39 

1.66 

1 .94 

2.22 

2.  50 

2.82 

3.  13 

18 

0.07 

0.  13 

0.20 

0.29 

0.40 

0.52 

0.67 

0.84 

1.04 

18 

0.79 

1.05 

1.31 

1.57 

1.83 

2.09 

2. 36 

2.66 

2.95 

ft 3 

n 4 

ns 

#6 

tn 

ns 

#9 

n io 

n\ i 
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STRUCTURAL  DESIGN  > REINFORCED  CONCRETE  DESIGN. 
AREAS  AND  PERIMETERS  OF  BARS  AT  VARIOUS  SPACINGS 

FOR  12  INCH  WIDTH 


Areas  given  in  top  figures  in  square  inches 
Perimeters  given  in  bottom  figures  in  inches 


Spacing 

Bar  Size 

Spacing 

m 

#3 

#4 

#5 

#6 

#7 

#9 

#10 

#11 

0.66 

1.  18 

1.84 

2.65 

7.07 

9. 42 

1 1.78 

14.  14 

2 1/4 

0.59 

1.05 

1.64 

2.36 

3.21 

2 1/4 

6.  28 

8.38 

10. 47 

12.57 

1 4.66 

2 1/2 

0.53 

0.94 

1.47 

2.  12 

2.89 

3.77 

2 1/2 

5.65 

7.54 

9.  42 

11.31 

13.20 

15.08 

2 3/4 

0.48 

0.86 

1.34 

1.93 

2.62 

3.43 

2 3/4 

5.  14 

6.85 

8.57 

10.  28 

1 2.00 

13.71 

*2 

0.44 

0.79 

1.23 

1.77 

2.40 

3. 14 

4.00 

3 

4.7  1 

6. 28 

7.85 

9.  42 

11.00 

12.57 

14.  18 

3 1/4 

0.41 

0.73 

1.  13 

1.63 

2.22 

2.90 

3.69 

3 1/4 

4.  35 

5.80 

7.25 

8.70 

10.  15 

1 1.60 

13.09 

3 1/2 

0.38 

0.67 

1.05 

1.51 

2.06 

2.69 

3.43 

4.34 

3 1/2 

4.04 

5.  39 

6.73 

8.08 

9.42 

10.77 

12.  15 

1 3.  68 

3 3/4 

0.35 

0.63 

0.98 

1.41 

1.92 

2.51 

3.20 

4.05 

5.00 

3 3/4 

3.77 

5.03 

6.  28 

7.54 

8.80 

10.05 

11.34 

1 2.77 

14.  18 

0.33 

0.59 

0.92 

1.33 

1.80 

2.36 

3.00 

3.80 

4.69 

4 

3.  53 

4.71 

5.  89 

7.07 

8.25 

9.  42 

10.63 

11.97 

13.  29 

4 1/4 

0.31 

0.55 

0.87 

1.25 

1.70 

2.22 

2.82 

3.57 

4.41 

4 1/4 

3.33 

4.  44 

5.  54 

6.65 

7.76 

8.87 

10.0  1 

11.27 

12.5  1 

4 1/2 

0.29 

0.52 

0.82 

1.  18 

1.60 

2.09 

2.67 

3.37 

4.  17 

4 1/2 

3.  14 

4.  19 

5.  24 

6.  28 

7.  33 

8.38 

9.45 

10.64 

11.81 

4 3/4 

0.28 

0.50 

0.78 

i.  12 

1.50 

1.98 

2.53 

3.20 

3.95 

4 3/4 

2.98 

3.97 

4.  96 

5.95 

6.94 

7.94 

8.95 

10  .08 

1 1.  19 

5 

0.26 

0.47 

0.74 

1.06 

1.44 

1.88 

2.40 

3.04 

3.75 

5 

2.83 

3.77 

4.71 

5.  65 

6.60 

7.54 

8.5  1 

9.58 

10.63 

5 1/4 

0.25 

0.45 

0.70 

1.01 

1.37 

1.80 

2.29 

2.89 

3.57 

5 1/4 

2.69 

3.  59 

4.  49 

5.  39 

6.28 

7.  18 

8.  10 

9.12 

10.  13 

5 1/2 

0.24 

0.43 

0.67 

0.96 

1.31 

1.71 

2. 18 

2.76 

3.41 

5 1/2 

2.  57 

3.  43 

4.28 

5.  14 

6.00 

6.85 

7.73 

8.71 

9.  66 

5 3/4 

0.23 

0.41 

0.64 

0.92 

1.25 

1.64 

2.09 

2.64 

3.26 

5 3/4 

2.  46 

3.28 

4.  10 

4.92 

5.74 

6.  56 

7.40 

8.33 

9.25 

6 

0.22 

0.39 

0.61 

0.88 

1.20 

1.57 

2.00 

2.53 

3.  12 

6 

2.  36 

3.  14 

3.93 

4.7  1 

5.  50 

6.  28 

7.09 

7.98 

8.86 

6 1/2 

0.20 

0.36 

0.57 

0.82 

1.  1 1 

1.45 

1.85 

2.34 

2.88 

6 1/2 

2.  18 

2.90 

3.62 

4.  3 5 

5.07 

5.80 

6.54 

7.37 

8.  18 

7 

0.  19 

0.34 

0.53 

0.76 

1.03 

1.35 

1.71 

2.  17 

2.68 

7 

2.02 

2.69 

3.37 

4.04 

4.7  1 

5.39 

6.08 

6.84 

7.59 

7 1/2 

0.  18 

0.31 

0.49 

0.71 

0.96 

1.26 

1.60 

2.03 

2.50 

7 1/2 

1.89 

2.  51 

3.  14 

3.77 

4.  40 

5.03 

5.67 

6. 38 

7.09 

8 

0.  17 

0.29 

0.46 

0.66 

0.90 

1.  18 

1.50 

1.90 

2.34 

8 

1.77 

2.  36 

2.95 

3.53 

4.  12 

4.71 

5.  32 

5.99 

6.65 

8 1/2 

0.  16 

0.28 

0.43 

0.62 

0.85 

1.1  1 

1.41 

1.79 

2.21 

8 1/2 

1.66 

2.22 

2.77 

3.33 

3.88 

4.44 

5.00 

5.63 

6.  25 

9 

0.  15 

0.26 

0.41 

0.59 

0.80 

1.05 

1.33 

1.69 

2.08 

Q 

1.57 

2.09 

2.  62 

3.  14 

3.67 

4.  19 

4.  73 

5.32 

5.9  1 

9 1/2 

0.  14 

0.25 

0.39 

0.56 

0.76 

0.99 

1.26 

1.60 

1.97 

9 1/2 

1. 49 

1.98 

2.48 

2.  98 

3.  47 

3.97 

4.48 

5.04 

5.60 

10 

0.  13 

0.24 

0.37 

0.53 

0.72 

0.94 

1.20 

1.52 

1.88 

10 

1.41 

1.  88 

2.  36 

2.83 

3.  30 

3.77 

4.25 

4.79 

5.32 

10  1/2 

0.  13 

0.22 

0.35 

0.50 

0.69 

0.90 

1.  14 

1.45 

1.79 

10  1/2 

1 . 35 

1.80 

2.24 

2.  69 

3.  1 4 

3.  59 

4.  05 

4.  56 

5.06 

1 1 

0.  12 
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4.4  Detailing 

4.4.1  General.  Structural  drawings  should  he  simple,  clear, 
complete,  and  accurate.  They  should  not  contain  unnecessary  lines,  dimen- 
sions, symbols,  or  notes.  They  should  contain,  however,  all  the  essential 
information  supplemented  by  an  adequate  set  of  notes  that  are  clearly 
stated.  Such  drawings  save  time  and  expense  in  the  drafting  room  and  on 
the  job.  Any  engineering  office  that  is  doing  an  appreciable  amount  of 
reinforced  concrete  design  and/or  detailing  should  have  a copy  of  the 
"Manual  of  Standard  Practice  for  Detailing  Reinforced  Concrete  Structures 
(ACT  Standard  316-48)"  published  by  the  American  Concrete  Institute. 

4.4.2  Drawing  Standards.  The  standard  drawing  sizes  and  title 
blocks  to  be  used  by  the  Engineering  Standards  Unit  are  shown  in  drawing 

es-i6. 

The  recommended  scales  for  detailing  are:  l/4"  = l'-O",  3/6"  = l'-O", 
l/2"  = l'-O",  3/4"  = l'-O",  and  1"  = l'-O".  The  scale  selected  will  de- 
pend on  the  proper  layout  of  the  drawing  and  the  scale  necessary  to  clearly 

show  all  details. 

The  use  of  symbols  and  abbreviations  reduces  the  required  drafting 
time  and  makes  the  drawing  more  clear  and  simple.  The  symbols  and  abbrevi- 
ations should  be  clear  in  meaning  and  should  above  all  be  consistent.  See 
drawings  ES-2108-3GBE  and  ES-2108-3GB  for  the  use  of  recommended  symbols 
and  abbreviations . 

The  recommended  type  and  weight  of  line  to  accent  the  important  fea- 


tures are  as  follows: 

Concrete  line  l/lOO" 

Unexposed  concrete  line  l/lOO" 

Reinforcement  — 1/50" 

Center  lines  l/lOO" 

Dimension  lines  •"■f-* l/l50" 


A. 4. 3 Engineering  Drawing.  The  engineering  drawing  is  prepared 
by  the  designer  to  convey  all  the  necessary  information  to  the  draftsman 
so  that  he  can  prepare  the  detailed  structure  drawing.  The  engineering 
di'awing  should  be  simple,  but  should  be  clear  and  complete  enough  so  that 
the  draftsman  will  have  no  doubts  as  to  the  designer's  intentions.  See 
drawing  ES-2108-30BE  for  a sample  engineering  drawing. 

4.4.4  Detailed  Structure  Drawing.  The  detailed  structure  draw- 
ing is  prepared  by  the  draftsman  and  will  be  used  by  the  steel  fabricator, 
construction  engineer,  and  the  contractor.  This  drawing  must  be  complete 
and  accurate.  It  should  contain  the  necessary  information  only.  Super- 
fluous material  and  notes  add  nothing  to  a drawing  but  confusion  and  higher 
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costs.  The  first  sheet  of  this  drawing  will  he  the  layout  sheet  which 
will  show  the  over-all  structure  features  and  dimensions.  It  is  usually 
advantageous  to  show  a list  of  materials  on  the  layout  sheet.  The  fol- 
lowing detail  sheets  will  show  the  steel  placement,  hut  will  not  show  the 
concrete  dimensions  except  in  special  cases.  The  har  schedule  may  he 
shown  on  the  layout  sheet,  all  on  one  detail  sheet,  or  may  he  divided  on 
two  or  more  of  the  detail  sheets,  whichever  provides  the  better  layout. 
The  hars  should  he  listed  in  the  order  that  they  will  he  placed,  or  as 
nearly  so  as  possible.  See  drawing  ES-2108-30B  for  a sample  detailed 
structure  drawing. 

4.4.3  Reinforcement.  Typical  har  types  that  will  he  used  are 
shown  on  drawing  ES-lS. 

The  required  tension  lap  splices  and  required  har  extensions  for 
various  size  hars  for  the  four  classes  of  concrete  are  shown  in  drawing 
ES-50. 

The  details  of  hook  hars  are  shown  in  drawing  ES-20.  The  recom- 
mended sizes  for  l80°  hooks  should  he  used  wherever  possible. 

4.4.6  Notes  to  Designers  and  Detailers.  The  following  notes 
are  quoted,  with  permission,  from  the  "Manual  of  Standard  Practice  for 
Detailing  Reinforced  Concrete  Structures  (ACI  Standard  315-48)." 

"109.  Notes  to  Designers  and  Detailers.  The  designer  must  show 
plans  which  are  complete  and  clear  in  every  detail.  The  detailer 
should  not  he  expected  to  do  any  designing  or  to  guess  at  what  the 
designer  desires.  The  discussion  in  sections  105  and  106,  together 
with  the  following  notes,  will  assist  in  preparing  satisfactory 
drawings . 

"(a)  Plan  Study.  The  detailer  should  completely  understand 
the  engineer's  design  and  the  builder's  method  of  construction  be- 
fore he  begins  detailing  the  structure.  The  preparation  of  plac- 
ing drawings,  bending  details  and  har  lists  for  reinforcing  steel 
requires  careful  study  of  the  engineer's  plans,  thoughtful  plan- 
ning, patience,  and  above  all,  accuracy.  This  statement  cannot  he 
overemphasized. 

" (h)  Planning.  The  next  step  for  the  detailer  in  planning 
his  work  should  he  to  determine  the  scale  of  the  drawings  he  is  to 
make,  the  size  of  his  drawings,  their  arrangements  with  regard  to 
plans,  sections,  details  and  schedules,  and  the  number  of  sheets 
required.  In  his  planning  he  should  hear  in  mind  the  successive 
steps  of  construction  so  that  all  steel  required  for  building  any 
portion  of  the  structure  will  he  shown  on  the  plan  for  that  portion. 
If  possible,  the  drawings  should  he  so  planned  that  the  reinforcing 
steel  setter  will  need  hut  one  print  at  a time.  Where  a structure 
is  large  and  more  than  one  drawing  must  he  employed,  the  structure 
should  he  divided  into  sections  in  order  to  keep  the  drawings  on  a 
practical  scale. 

"(c)  Checking.  Placing  drawings  should  he  checked  by  the  de- 
signing engineer  before  the  reinforcing  steel  is  fabricated. 


STRUCTURAL  DESIGN:  DRAWING  SIZES  AND  TITLE  BLOCKS 
FOR  ENGINEERING  DIVISION-DESIGN  SECTION  DRAWINGS 


8 


1 

1 

* 1 

1 4 

61% 



3 

1 16  ro|S£ 

- , 

1 

1 

0 

u 

*\ 

Size  L 

Use  Type  A 

-1® 

O 

— )CVJ 

o 

title  block 

rO|  — j 

- j 

2 — 

. 

2 — 
^16 

^ to|® 

I 4 


15 

W 

1316 


Size  N 


3_ 

16 


Use  Type  A title  block 
unless  Size  E is  reduced 
to  Size  N 


T 


—loo  — |cvj 
O O 


NOTES : The  following  notes  apply  to  all  drawings  prepared,  by  or  for  the  Engineering  Division-- 

Design  Section. 

1.  In  their  final  form,  all  drawings  will  he  one  of  the  above  sizes  and.  will  have  border  and  trim 
lines . 

2.  All  size  E drawings  will  be  prepared  to  take  a linear  reduction  of  1 to  0.5* 

3.  Type  A Title  Block  will  be  used  on  size  L and  N drawings  prepared  for  inclusion  in  the  hand- 
book. This  title  block  consists  of  two  parts,  one  at  the  top  of  the  sheet  and  the  other  at 
the  bottom. 

*F.  Type  E Title  Block  will  be  used  on  all  size  E drawings. 

5-  Type  E and  D Title  Blocks  will  be  used  on  all  standard  detailed  structure  drawings  that  are  to 

be  incorporated  into  a set  of  construction  plans.  Type  E will  be  placed  in  the  lower  right- 
hand  corner  of  the  drawing  and  Type  D in  the  lower  left-hand  corner.  On  these  drawings  the 

Type  D Title  Block  will  be  filled  out  by  the  Engineering  Division — Design  Section  at  the  time 

the  original  drawing  is  prepared.  The  Type  E Title  Block  will  be  completed  by  the  Engineering 
and  Watershed  Planning  Unit  using  the  standard. 

6.  A space  3 l/2  x 1 inch,  as  shown  above,  on  E size  drawing,  will  be  left  vacant  (without  border 
lines)  for  a record  of  drawing  revisions. 

7.  All  typewritten  material  placed  on  drawings  size  L and  N except  titles  and  notes  will  not  have 
a linear  reduction  greater  than  1 to  0.75  in  the  final  form. 
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TYPICAL  BAR  TYPES 


0<^ 
© Ll 


6 A OP  G 

aLD  Or  c TV 


a a 

£j  Or  1 A op  G 


(^J)  ( . ^ _)  Q ' ° Eyf  j v 


@ h v or  a v sort) 


*~t~  71  b 

£)  > 0r 


<? 


-I 


@ (TTTv  g)  <?/-  ,CTT?V 


t 


. "j  /I 
STI*  ‘j6?t  " 


Note  • All  indicated  dimensions. 


inc/uding’J'  must  a /ways  be 
o T[,^,  given  with  this  type  of  bend 


T| 


Note •'  //"  ' and  *D  “are 
not  alike,  change 
dimension  “H"  to  ’H,  “ 
and  ‘H,  “ 


— >: 

£ — EA 


Where  slope  differs 
from  45°  dimensions 
"H"  and  k "must 
be  shown. 

ENLAR6FD  1//EW  SHOWING 
BA/?  BENDING  DETAILS 


6 


Note -Specify  either 
dimension  *K"  or 
dimension  “H“ which- 
ever is  smaller 


NOTES 

1.  All  dimensions  are  out  to  out  of  bar. 

2.  “Ja  dimension  on  /&0°  hooks  to  be  shown  on/y  where 
necessary  to  restrict  hook  size.  Otherwise,  stan- 
dard hooks  are  to  be  used. 

3.  Where  "J" is  not  shown , "J"  will  be  CT±T\ 
kept  equal  to  or  less  than  "HI  Where 

"J"  can  exceed  'H“  it  should  be  shown. 

4.  "H"  dimension  on  stirrups  to  be  shown  where  nec- 
essary to  restrict  hooks. 

5.  Where  bars  are  to  be  bent  more  accuraie/y  than 
standard  benomg  tolerances,  bending  dimensions 
which  require  closer  working  should  have  iimifs 
indicated. 

6.  Figures  in  circles  show  types. 
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"(d)  Do’s  and  Don'ts.  Experienced  designers  and  detailers  will 
develop  a list  of  ”do’s  and  don’ts”  such,  as  the  following: 

•1.  Give  complete  and  accurate  dimensions  on  engineering  drawings. 

2.  Show  details  at  corners  and  intersections  of  walls  and  at 
window  and  door  openings . 

'3«  Use  notations  which  cannot  be  misinterpreted,  such  as  "each 
way"  rather  than  "both  ways"; "No.  5 at  12,  each  face  staggered"  rather 
than  "No.  5 at  12  staggered." 

4.  Congestion  of  steel  should  be  avoided  at  points  where  mem- 
bers intersect.  Make  certain  that  all  reinforcement  shown  can  be 
properly  placed.  For  example,  at  the  intersection  of  a beam  and 
girder,  the  beam  bars  should  be  bent  at  a different  elevation  than 
those  in  the  girder  so  as  to  avoid  interference  when  the  steel  is  be- 
ing placed.  Another  very  troublesome  point  is  the  intersection  of 
columns  with  beams  and  girders . 

5.  Make  certain  that  hooked  and  bent  bars  can  be  placed  and 
have  adequate  concrete  protection. 

6.  All  bars,  straight  or  bent,  requiring  hooks  should  be  so 
designated  by  the  designer. 

7.  Length  of  laps,  points  of  bend,  and  extension  of  bars  should 
be  specified  by  the  designer.  Do  not  use  the  ratios  l/7,  l/5,  and 
L/4  shown  on  Typical  Drawings  unless  justified  by  structural  analysis. 

8.  Be  sure  that  unusual  bends  can  be  made  with  standard  bending 
equipment . 

9.  Avoid  ordering  accessories  such  as  bolsters  and  high-chairs 
in  l/8-inch  increments  of  heights,  as  stock  sizes  come  in  l/4-inch 
increments . 

10.  It  is  advisable  to  prepare  placing  drawings  the  same  size  as 
the  engineering  drawings . 

11.  For  special  or  unusual  conditions,  be  sure  that  adequate  de- 
tails are  shown  for  proper  placing  of  the  reinforcement  as  the  average 
steel  setter  does  not  understand  engineering  principles.  Examples  are 
cantilevers  and  continuous  footings  in  which  the  reinforcement  is  in 
the  opposite  side  from  which  the  steel  setter  is  accustomed. 

12.  Schedule  dowels  with  the  footings  rather  than  in  the  column 
schedule . 

13.  Do  not  forget  to  splice  column  bars  at  top  of  upturned  beams 
rather  than  at  floor  level. 

14.  Do  not  detail  bar  lengths  to  fractions  of  an  inch.  See  Sec- 
tion 203  for  standard  tolerances.  Increments  of  3 inches  for  straight 
bars  are  recommended. 

15.  Where  the  lengths  are  not  specifically  fixed,  such  as  for 
temperature  steel,  slabs  on  ground,  and  walls,  use  stock  lengths  or 
lengths  which  can  be  cut  from  stock  lengths  with  a minimum  of  waste. 

16.  When  a member  has  a break  in  its  direction  so  that  the  rein- 
forcement in  tension  tends  to  separate  from  the  body  of  the  concrete, 
special  anchorage  must  be  provided  and  shown  in  detail.  Examples  are 
the  junction  of  stairs  and  landing,  and  where  the  soffit  of  a beam 

f orms  an  angle . 

17.  Be  sure  that  bent  bars  are  not  so  large  and  unwieldy  that 
they  cannot  be  transported." 
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4,4,7  Fabricating  Shop  Practice.  It  is  important  that  the 
designer  and  detailer  are  acquainted  with  practices  of  the  fabricating 
shop,  so  the  fabricating  may  be  kept  as  simple  and  economical  as  pos- 
sible. We  are  therefore  quoting  the  following  articles  from  the  Manual 
of  Standard  Practice  for  Detailing  Reinforced  Concrete  Structures  (ACT 
Standard  315-48) . 

”202 . Warehouse  Stock 


"There  is  some  variation  in  the  stock  carried  in  different  lo- 
calities and  also  by  fabricators  in  the  same  locality.  The  infor- 
mation which  follows  should  be  supplemented  by  information  from  local- 
fabricators  . 

"Fabricators  ordinarily  stock  only  one  or  two  grades  of  rein- 
forcing steel.  For  bars,  intermediate  grade  billet  steel  and  rail 
steel  are  by  far  the  most  common,  although  other  grades  may  at  times 
be  available.  For  spirals,  hot  rolled  rods  of  intermediate  grade 
are  commonly  stocked,  although  other  grades  and  cold  drawn  wire  may 
be  available . " 

The  following  table  of  standard  sizes  of  reinforcing  bars  is  from 
ASTM  Specification  A305. 


Bar 

No. 

Unit  Wt 
Lbs /Ft 

Nominal  Dimensions  Round  Sections 

Diameter-Inches 

Decimal 

Cross-Sectional 
Area  Sq  In. 

Perimeter 

2 

0.167 

0.250 

0.05 

0.785 

5 

0.376 

0.375 

0.11 

1.178 

4 

0.668 

0.500 

0.20 

1.571 

5 

1.0U3 

0.625 

0.31 

1.963 

6 

1.502 

0.750 

0.44 

2.356 

7 

2.044 

0.875 

0.60 

2.749 

8 

2.670 

1.000 

0.79 

3.142 

9 

3.400 

1.128 

1.00 

3.5U 

10 

4.303 

1.270 

1.27 

3.990 

11 

5.513 

1.410 

1.56 

4.430 

Bar  numbers  are  based  on  the  number  of  l/8  inches  in  the  nominal  di- 
ameter of  the  section. 

Bar  No.  2 in  plain  rounds  only. 

Bars  numbered  9,  10,  and  11  correspond  to  former  1"  square,  1-1/8" 
square,  and  1-1/4"  square  sizes  and  are  equivalent  to  those  former  stan- 
dard bar  sizes  in  weights  and  nominal  cross-sectional  areas. 

The  quotation  from  ACT  Standard  315-48  is  continued  below. 

"The  quality  of  reinforcing  steel  is  governed  by  specifications 

of  the  American  Society  for  Testing  Materials,  designated  as  follows: 
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"Billet-Steel  Bars  for  Concrete  Reinforcement, 

Designation  A-15« 

Rail-Steel  Bars  for  Concrete  Reinforcement, 

Designation  A-l6. 

Axle-Steel  Bars  for  Concrete. Reinforcement, 

Designation  A-l60. 

Cold-Drawn  Steel  Wire  for  Concrete  Reinforcement, 

Designation  A-82. 

Welded-Steel  Wire  Fabric  for  Concrete  Reinforcement, 

Designation  A-I85. 

"With  the  exception  of  the  No.  2,  all  of  these  sizes  are  ordi- 
narily furnished  as  deformed  bars,  the  type  of  deformation  depending 
upon  the  rolling  mill.  The  No.  2 bar  is  generally  available  only  as  a 
plain  bar . 

"Bars  are  stocked  by  most  fabricators  in  lengths  of  sixty  feet. 

By  special  arrangement  longer  bars  can  sometimes  be  obtained  but  ship- 
ping limitations  must  be  considered.  Usually  No.  2 bars  are  stocked 
in  twenty-foot  lengths  because  of  the  difficulty  of  handling  such 
light  bars  in  greater  lengths . 

"203.  Tolerances 


"Practical  limitations  of  equipment  and  speed  of  production  make 
it  necessary  to  establish  certain  tolerances  in  fabrication  which  can 
be  met  with  standard  shop  equipment.  Where  greater  accuracy  is  re- 
quired than  given  by  the  tolerances  which  follow,  it  must  be  definitely 
stated,  as  an  extra  charge  is  made  for  this  type  of  fabrication. 

"Reinforcing  bars  are  cut  to  length  by  shearing  with  a tolerance 
of  one  inch  more  or  one  inch  less  than  the  specified  length.  Where 
more  exact  lengths  or  finished  ends  are  required,  the  bars  must  be 
cut  b„  special  shears,  or  by  attachments  to  regular  shears,  or  by  cold 
sawing. 

"The  dimensions  of  a bent  bar  are  measured  out  to  out  of  bar. 

The  tolerance  for  the  over-all  bent  length  is  one -half  inch  more  or 
one-half  inch  less  than  the  specified  dimension  for  No.  7 bars  or 
smaller,  and  one  inch  more  or  one  inch  less  for  larger  bars.  For  a 
truss  bar  the  tolerance  in  height  is  one-half  inch  less  than  the  spe- 
cified dimension.  No  greater  height  is  permitted  so  that  there  is 
assurance  that  the  bars  can  be  placed  within  the  depth  of  slab  or 
beam  specified. 

"The  diameter  of  column  spirals  is  measured  to  the  outside  of 
the  spiral.  The  tolerance  is  one-half  inch  more  or  one-half  inch  less 
than  the  specified  diameter." 
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"Drg.  6 — Tolerances" 


Length  P/us  or  Minus  /" 


, / * 

No.  7 Bor  or  smoi/er  O- Dimension  - /a 


No.  6 Bor  or  larger  O-Dimension  ~ in 


No.  7 Bor  or  smaller  0- Dimension  -fa 


No.  3 Bar  or  larger  O -Dimension-/" 


Spiro/  or 
Circa  lor  Tie 


Plinus  fe" 


Tie  or 
Stirrup 


FIG.  6.4-1 


V - 


Pius  or 
Minus  fa" 


"204.  Extras 

"Reinforcing  bars  are  sold  on  the  basis  of  their  theoretical 
weights  computed  from  the  values  given  in  Sect.  202.  The  base  price 
applies  only  to  straight  bars  No.  6 or  larger  and  an  extra  charge  is 
made  for  bars  of  the  smaller  sizes.  The  extra  charge  increases  as 
the  size  decreases. 

"There  is  also  a charge  for  bending  based  on  the  additional  work 
involved.  There  are  two  types  of  bending,  commonly  referred  to  as 
light  bending  and  heavy  bending.  Light  bending  includes  all  No.  2 
and  No.  3 bars  or  No.  4 stirrups  and  column  ties,  and  all  bars  of 
any  size  bent  at  more  than  six  points.  Heavy  bending  includes  bars 
other  than  No.  2 and  No.  3 bent  at  not  more  than  six  points,  radius 
bending,  and  types  not  otherwise  defined  as  light  bending.  The  ex- 
tra charge  for  heavy  bending  is  considerably  less  than  that  for  light 
bending.  Current  charges  for  extras  may  be  obtained  from  local  bar 
fabricators.  The  method  of  pricing  extras  has  been  revised  and  de- 
tails should  be  obtained  from  local  fabricators." 
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5.  Structural  Steel 


5.1  Use  and  Exposure.  Structural  steel  is  not  used  extensively 
in  the  work  of  the  Soil  Conservation  Service,  and  hence  this  discussion 
is  general  and  brief.  Structural  shapes  have  limited  use  in  the  con- 
struction of  (l)  small  I-beam  bridges,  (2)  light  trusses  for  supporting 
irrigation  flumes  and  pipes,  (5)  interlocking  sheet  steel  piling  drop 
spillways,  (4)  bents  for  supporting  flumes,  pipes,  and  suspension  span 
cables,  (5)  trash  racks,*  (6)  drainage,  irrigation,  and  flood  control 
gates,  and  (7)  other  structural  accessories  such  as  ladders,  foot  bridges, 
etc . 


Such  varied  use  provides  wide  differences  in  exposure  conditions 
and  probable  corrosion  hazard.  In  most  cases  the  steel  will  be  unpro- 
tected from  the  natural  forces  of  wind,  rain,  sleet,  snow,  etc.;  and  in 
some  cases  it  will  be  in  direct  contact  with  the  earth  and  subject  to 
alternate  wet  and  dry  conditions . 

5.2  Design.  The  latest  edition  of  the  ’’Standard  Specifications 
for  Highway  Bridges"  adopted  by  The  American  Association  of  State  Highway 
Officials  should  be  used  as  the  basic  reference  for  unit  stresses  and 
design  criteria  insofar  as  they  are  applicable  to  the  problem  under  study. 
Section  page  lMi-  of  the  fifth  edition  (19^*9)  of  the  above  reference 
presents  allowable  unit  stresses  and  Section  6,  page  l66,  presents  design 
criteria.  These  unit  stresses  should  be  used  where  exposure  conditions 
are  comparable  to  those  normally  encountered  in  highway  bridges . For 
more  severe  exposure  conditions  it  is  recommended  that  the  basic  allow- 
able unit  stresses  be  reduced  10  percent. 

The  principles,  procedure,  and  formulas  required  in  the  design  of  the 
relatively  simple  structures  encountered  in  our  work  are  readily  available 
in  many  texts  and  handbooks,  and  it  seems  unnecessary  to  duplicate  them 
here. 
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6.  Wood 

6.1  General.  Although  the  majority  of  the  structures  encountered 

"by  the  SCS  will  he  constructed  of  materials  other  than  wood,  there  is  a 
definite  place  for  timber  structures  in  irrigation,  drainage,  and  small 
bridge  work.  Recent  developments  in  wood  technology  have  made  it  pos- 
sible to  design  timber  structures  for  dry  locations  with  a high  degree 
of  accuracy.  Stress -graded  lumber  is  now  available  and  may  be  specified 
if  the  cost  is  not  prohibitive.  Since  our  structures  are  often  placed 
in  wet  locations,  we  lose  some  of  the  exactness  of  design  that  is  pos- 
sible for  a structure  in  a continually  dry  site.  Therefore,  the  designer 
must  consider  the  following  items  when  selecting  the  species  and  allow- 
able working  stresses:  (l)  The  extent  the  exposure  favors  decay,  (2)  the 

required  life  of  the  structure,  (3)  the  original  and  replacement  cost, 

(4-)  the  frequency  of  inspection,  and  (5)  damages  resulting  from  loss  of 
the  structure.  Pressure-treated  lumber  should  be  used  in  all  locations 
where  the  lumber  is  in  contact  with  the  ground  or  moisture  conditions  are 
favorable  to  decay.  The  fire  hazard  must  be  given  consideration  in  the 
selection  of  wood  for  use  in  any  structure. 

6.2  Design 

6.2.1  Codes.  The  following  code  will  be  used  in  timber  design: 
"National  Design  Specifications  for  Stress-Grade  Lumber  and  its  Fasten- 
ings", 1948  edition,  recommended  by  the  National  Lumber  Manufacturers  As- 
sociation. This  code  deals  specifically  with  stress-grade  lumber,  but 
can  be  adapted  to  lumber  not  stress  graded. 

6.2.2  References  on  Design  Procedure.  There  are  numerous 
handbooks  and  textbooks  available  on  timber  design.  The  publication  of 
the  Southern  Pine  Association,  "Modern  Timber  Engineering",  Third  Edi- 
tion, by  Scofield  and  O’Brian  contains  the  technical  data  on  timber  de- 
sign as  set  forth  in  National  Design  Specifications  and  gives  examples  of 
various  structural  designs. 

6.2.3  Allowable  Working  Stresses.  As  stated  previously,  it 
is  possible  to  obtain  stress-grade  lumber.  It  is  doubtful,  however,  if 
many  of  the  structures  we  encounter  will  warrant  the  use  of  stress -grade 
lumber.  Therefore,  tables  of  unit  working  stresses  for  various  species 
under  different  exposure  conditions  are  included  in  drawing  ES-26  to  be 
used  as  a guide. 

6.2.4  Engineering  Drawings.  The  engineering  drawing  is  pre- 
pared by  the  designer  to  furnish  the  draftsman  the  necessary  information 
so  that  he  can  prepare  the  detailed  structure  drawing.  This  drawing 
should  be  clear  and  complete  so  that  the  draftsman  will  have  no  doubts 
as  to  the  designer's  intentions. 

6.2.3  Detailed  Structure  Drawing.  The  detailed  structure 
drawing  is  prepared  by  the  draftsman  and  will  be  used  by  the  fabricator, 
construction  engineer,  and  contractor.  It  must  be  complete  and  accurate. 
All  the  necessary  information  for  fabrication  and  construction  must  be 


STRUCTURAL  DESIGN: 

STRUCTURAL  TIMBER,  UNIT  WORKING  STRESSES  OF  VARIOUS 
SPECIES  FOR  DIFFERENT  EXPOSURE  CONDITIONS 


BENDING  AND  SHEARING  STRESSES,  IN  POUNDS  PER  SQUARE  INCH 


Species  of  Timber 

Transverse  Bending 

Stresses 

Horizontal 
Shearing  Stress 

All  Sizes 

Thickness,  5 

" and  Over 

Thickness,  4"  and  Under 

Continuously 

Dry 

Occasionally 

Wet 

Usually 

Wet 

Occasionally 

Wet 

Usually 

Wet 

Dry  or  Wet 

Select 

Coamon 

Se  lect 

Common 

Select 

Common 

Select 

Coamon 

Select 

Common 

Se  lect 

Coamon 

Ash,  White,  commercial 

1400 

1120 

1200 

960 

1000 

800 

1070 

910 

890 

760 

125 

100 

Beech  and  Birch,  Yellow 

1500 

1200 

1300 

1040 

1000 

800 

1150 

980 

890 

760 

125 

100 

Cedah,  Port  Orford  and  Alaska 

1100 

880 

1000 

800 

900 

720 

890 

760 

800 

680 

90 

72 

Cedar,  Western  Red 

900 

720 

800 

640 

750 

600 

710 

600 

670 

570 

80 

64 

Cedar,  Northern  and  Southern  White 

750 

600 

650 

520 

600 

480 

580 

490 

530 

450 

70 

56 

Chestnut 

950 

760 

850 

680 

700 

560 

760 

650 

620 

530 

90 

72 

Cypress,  Southern 

1300 

1040 

1100 

880 

900 

720 

980 

830 

800 

680 

100 

80 

Douglas  Fir,  Coast  Region 

1600 

1200 

1385 

1040 

1065 

800 

1235 

985 

950 

755 

90 

72 

Douglas  Fir,  Coast  Region, Dense. . . 

1750 

1400 

1515 

1215 

1165 

935 

1350 

1150 

1035 

880 

105 

84 

Douglas  Fir,  Rocky  Mountain 

1100 

880 

900 

720 

700 

560 

800 

680 

620 

530 

85 

68 

Fir,  White,  commercial 

1100 

880 

900 

720 

800 

640 

800 

680 

710 

600 

70 

56 

Fir,  Balsam 

900 

720 

750 

600 

600 

480 

670 

570 

530 

450 

70 

56 

Hemlock,  Western 

1300 

1040 

1100 

880 

900 

720 

980 

830 

800 

680 

75 

60 

Hemlock,  Eastern 

1100 

880 

900 

720 

800 

640 

800 

680 

710 

600 

70 

56 

Hickory 

1900 

1520 

1500 

1200 

1200 

960 

1330 

1130 

1070 

910 

140 

112 

Larch,  Western 

1200 

960 

1100 

880 

900 

720 

980 

830 

800 

680 

100 

80 

Maple,  Sugar  and  Black 

1500 

1200 

1300 

1040 

1000 

800 

1150 

980 

890 

760 

125 

100 

Maple,  Red  and  Silver 

1000 

800 

900 

720 

700 

560 

800 

680 

620 

530 

100 

80 

Oak,  Red  and  White,  commercial.... 

1400 

1120 

1200 

960 

1000 

800 

1070 

910 

890 

760 

125 

100 

1200 

1040 

800 

98D 

755 

88 

Pine,  Southern  Yellow, Dense 

1750 

1400 

1515 

1215 

1165 

935 

1350 

1145 

1035 

880 

128 

103 

Pine,  White, Yellow, Sugar,  Ponderosa 

900 

720 

800 

640 

750 

600 

710 

600 

670 

570 

85 

68 

Pine,  Norway 

1100 

880 

1000 

800 

800 

640 

890 

760 

710 

600 

85 

68 

Poplar,  Yellow 

1000 

800 

900 

720 

800 

640 

800 

680 

710 

600 

80 

64 

Redwood 

1200 

960 

1000 

800 

800 

640 

890 

760 

710 

600 

70 

56 

Spruce,  Red,  White  and  Sitka 

1100 

880 

900 

720 

800 

640 

800 

680 

710 

600 

85 

68 

Spruce,  Engelmann 

750 

600 

650 

520 

500 

400 

580 

490 

440 

370 

70 

56 

Tamarack 

1200 

960 

1100 

880 

900 

720 

980 

830 

800 

680 

95 

76 

COMPRESSIVE  STRESSES  AND  ELASTIC  MODULI,  IN  POUNDS  PER  SQUARE  INCH 


Species  of  Timber 

Compressive  Stresses 

Ave  ra  ge 
Modulus 
of 

Elasticity 

Perpendicular  to  Grain 

Parallel  with  Grain 

Contin- 

uously 

Dry 

Occa- 

sionally 

Wet 

Usu- 

ally 

Wet 

Continuous ly 
Dry 

Occasionally 

Wet 

Us  ua 1 ly 
Wet 

Select  or  Coamon 

Se  lect 

Common 

Select 

Coamon 

Select 

Coamon 

All  Classes 

Ash,  White,  commercial 

500 

375 

300 

1100 

880 

1000 

800 

900 

720 

1,500,000 

Beech  and  Birch,  Yellow 

500 

375 

300 

1200 

960 

1100 

880 

900 

720 

1,600,000 

Cedar,  Alaska 

250 

200 

150 

800 

640 

750 

600 

650 

520 

1,200,000 

Cedar,  Port  Orford 

250 

200 

150 

900 

720 

825 

660 

750 

600 

1,200,000 

Cedar,  Western  Red 

200 

150 

125 

700 

560 

700 

560 

650 

520 

1,000,000 

Cedar,  Northern  and  Southern  White.... 

175 

140 

100 

550 

440 

500 

400 

450 

360 

800,000 

Chestnut 

300 

200 

150 

800 

640 

700 

560 

600 

480 

1,000,000 

Cypress,  Southern 

300 

225 

200 

1100 

880 

1000 

800 

800 

640 

1,200,000 

Douglas  Fir,  Coast  Region 

345 

240 

215 

1175 

880 

1065 

800 

905 

680 

1, 600,000 

Douglas  Fir,  Coast  Region,  Dense 

380 

260 

235 

1285 

1025 

1165 

935 

990 

795 

1, 600,000 

Douglas  Fir,  Rocky  Mountain 

275 

225 

200 

800 

640 

800 

640 

700 

560 

1,200,000 

Fir,  White,  commercial 

300 

225 

200 

700 

560 

700 

560 

600 

480 

1,100,000 

Fir,  Balsam 

150 

125 

100 

700 

560 

600 

480 

500 

400 

1,000,000 

Hemlock,  Western 

300 

225 

200 

900 

720 

900 

720 

800 

640 

1,400,000 

Hemlock,  Eastern 

300 

225 

200 

700 

560 

700 

560 

600 

480 

1,100,000 

Hickory 

600 

400 

350 

1500 

1200 

1200 

960 

1000 

800 

1,800,000 

Larch,  Western 

325 

225 

200 

1100 

8 80 

1000 

800 

800 

640 

1,300,000 

Maple,  Sugar  and  Black 

500 

375 

300 

1200 

960 

1100 

880 

900 

720 

1,600,000 

Maple,  Red  and  Silver 

350 

250 

200 

800 

640 

700 

560 

600 

480 

1,100,000 

Oak,  Red  and  White,  Commercial 

500 

375 

300 

1000 

800 

900 

720 

800 

640 

1,500,000 

Pine,  Southern  Yellow 

880 

800 

680 

1,600,000 

Pine,  Southern  Yellow,  Dense 

380 

260 

235 

1285 

1025 

1165 

935 

990 

795 

1,600,000 

Pine , White , Yellow, Sugar  and  Ponderosa. 

250 

150 

125 

750 

600 

750 

600 

650 

520 

1,000,000 

Pine,  Norway 

300 

175 

150 

800 

640 

800 

640 

700 

560 

1,200,000 

Poplar,  Yellow 

250 

150 

125 

800 

640 

700 

560 

600 

480 

1,100,000 

Redwood 

250 

150 

125 

1000 

800 

900 

720 

750 

600 

1,200,000 

Spruce,  Red,  White  and  Sitka 

250 

150 

125 

800 

640 

750 

600 

650 

520 

1,200,000 

Spruce,  Engelmann 

175 

140 

100 

600 

480 

550 

440 

450 

360 

800, 000 

Tamarack 

300 

225 

200 

1000 

800 

900 

72C 

800 

640 

1,300,000 
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shown,  hut  the  drawing  should  not  he  cluttered  up  with  unnecessary 
views,  marks,  and  notes.  The  first  sheet  of  this  drawing  will  he  the 
layout  sheet  which  will  show  the  over-all  structure  features  and  dimen- 
sions. This  sheet  will  usually  contain  a hill  of  materials  and  lumber 
cutting  hill.  The  following  detail  sheets  will  show  the  detailed  con- 
struction information,  such  as  details  of  members,  joints,  etc.  If  the 
structure  is  complex  and  has  numerous  detail  sheets,  it  is  best  to  show 
a hill  of  material  and  lumber  cutting  hill  on  each  detail  sheet  with  a 
summary  shown  on  the  layout  sheet.  The  allowable  unit  stresses  used  in 
the  design  should  he  indicated  on  the  layout  sheet  along  with  whether 
the  design  is  based  on  standard  dressed,  standard  rough,  or  special  sizes 
of  lumber. 
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